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(57) An accumulator which is capable of preventing 
an excessive enlargement of the flow rate of a liquid 
r frigerant which is discharged from the accumulator, 
reducing the quantity of refrigerating machine oil which 
is accumulated in the accumulator and maintaining a 
required quantity of refrigerating machine oil in a com- 
pressor. Liquid and a gas which circulate in a refrigerat- 
ing and air-conditioning circuit are introduced into a first 
space 1 by a suction pipe 3, and the gas refrigerant is 
discharged to a refrigerating and air-conditioning circuit 
through a gas passage pipe 4. a second space 2 and a 
discharge pipe 5. Moreover, liquid-leve! maintaining 
means 7 and 8 prevent rise in the height of the accumu- 
lated liquid introduced into the first space 1. When the 
height has been made to be not lower than a predeter- 
mined height, the gas communication means 4 moves 
liquid in the first space from the first space 1 to the sec- 
ond space 2. In addition, a returning means 6 dis- 
charges refrigerating machine oil accumulated in the 
first space 1 to the refrigerating and air-conditioning cir- 





Q FLOWING DIRECTION OF GAS REFRIGERANT 
^ FLOWING DIRECTION OF LIQUID REFRIGERANT 
^ FLOWING DIRECTION OF OIL 



Printed by Xerox (UK) Business Services 
2.16.6/3.4 



1 



EP 0 887 603 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an accumulator for s 
forming a refrigerating and air-conditioning circuit for 
use in an air conditioning machine or a refrigerator. 

A conventional accumulator for forming a refrigerat- 
ing and air-conditioning circuit by using, for example, a 
refrigerant, for example, refrigerant R22. and mineral oil w 
(refrigerating machine oil) having mutual solubility will 
now be described. 

Fig. 31 is a vertical cross sectional view showing 
the structure of a representative accumulator disclosed 
in a document ("Closed Compressor" written by Mut- is 
suyoshi Kawahira, Issued by Japan Refrigeration Asso- 
ciation. July 30. 1 981 ). 

Referring to the drawing, reference numeral 151 
represents a container, 152 represents a suction pipe, 
153 represents a discharge pipe and 153a represents 20 
an oil-recovery hole formed in the bottom portion of the 
discharge pipe 153. Reference numeral 153b repre- 
s rrts a discharge-pipe inlet opening formed at an end 
of the discharge pipe 153. Reference numeral 154 rep- 
resents a liquid refrigerant (in a state in which refrigerat- 25 
irtg machine oil is dissolved) having a soluble 
relationship with refrigerating machine oil which is accu- 
mulated in the container 151. Reference numeral 155 
represents a gas refrigerant 

The operation of the foregoing accumulator will now 30 
be described. In a refrigerating and air-conditioning cir- 
cuit including the accumulator, the gas refrigerant 155 
and the liquid refrigerant (including refrigerating 
machine oil) 154 flow through the suction pipe 152. and 
then introduced into the container 151 as indicated by 35 
an arrow A. In the internal space of the container 151 , 
the refrigerant gas and the liquid refrigerant (including 
refrigerating machine oil) 154 are subjected to a proc- 
ess for separating the gas and the liquid from each 
other. Then, the gas refrigerant 155 is allowed to flow 40 
from the discharge-pipe inlet opening 153b to pass the 
discharge pipe 153. and then discharged to the outside 
of the container 1 51 . On the other hand, the liquid refrig- 
erant (including refrigerating machine oil) 154 is accu- 
mulated in the lower portion of the container 151 . Then, 45 
refrigerating machine oil dissolved in the liquid refriger- 
ant (including refrigerating machine oil) 154 is allowed 
t pass through the oil-recovery hole 1 53a and. together 
with the gas refrigerant 155 and the liquid refrigerant 
(including refrigerating machine oii) 1 54, allowed to flow so 
t a compressor as indicated by an arrow B. The Size of 
the oil-recovery hole 153a is determined to enable 
recovery of refrigerating machine oil to reliably be per- 
formed. 

Problems experienced with the conventional accu- ss 
mulator shown in Fig. 31 will now be described. 

When the refrigerating and air-conditioning circuit is 
operated, a state is realized in which the liquid refriger- 



ant (including refrigerating machine oil) 154 is accumu- 
lated in the container 151 as shown in Fig. 31 
depending upon a state of the operation. 

The flow rate of the liquid refrigerant (including 
refrigerating machine oil) 154 which flows from the oil- 
recovery hole 153a into the discharge pipe 153 is 
enlarged as the flow velocity of the gas which flows in 
the discharge pipe 153 is raised and as the quantity of 
the liquid refrigerant which is accumulated in the con- 
tainer 151 is enlarged, that is. as the height H of the liq- 
uid refrigerant is enlarged. The characteristic of the flow 
rate realized when the velocity of the gas is made to be 
constant is shown in Fig. 32. 

In the drawing, the axis of abscissa stands for the 
height H (mm) of the liquid refrigerant and axis of ordi- 
nate stands for the flow rate (kg/h) of the liquid refriger- 
ant (including refrigerating machine oil) 154 which is 
introduced from the oil-recovery hole 153a into the dis- 
charge pipe 1 53. The rate of the flow from the oil-recov- 
ery hole 153a is a value obtained by adding a flow rate, 
which is substantially proportional to the square root of 
the height H (mm) of the liquid refrigerant, to a substan- 
tially constant flow rate. Note that the height H of the liq- 
uid refrigerant is a height from the oil-recovery hole 
153a to the liquid refrigerant 154. 

It is a known fact that the gas refrigerant discharged 
from the discharge pipe of the accumulator is. in the 
refrigerating and air-conditioning circuit, sucked by the 
compressor. Then, the gas refrigerant is compressed, 
and then discharged. The accumulator having the con- 
ventional structure encounters a phenomenon that the 
flow rate of the liquid refrigerant which is introduced into 
the discharge pipe 153 of the accumulator is enlarged 
excessively if the liquid refrigerant 154 in a large quan- 
tity is accumulated in the container 1 51 . At this time, the 
compressor is brought to a state which sucks the liquid 
refrigerant in a large quantity. As a result, a state in 
which the liquid refrigerant is compressed is realized, 
causing an abnormally high pressure to be generated. 
Also the inside portion of the compressor encounters 
defective lubrication of the bearing portions because an 
oil-supply pump sucks the liquid refrigerant and thus 
supplies the liquid refrigerant to the bearing portions 
and sliding portions. As a result, mechanisms in the 
compressor will be broken, and abnormal abrasion and 
seizure of the sliding portions in the compressor take 
place. 

The characteristic of a flow in an accumulator for a 
refrigerating and air-conditioning circuit in which refrig- 
erating machine oil having no solubility with the refriger- 
ant is employed and problems which arises in this case 
will now be described. 

Another example of the conventional accumulator 
will now be described. Fig. 33 is a vertical cross sec- 
tional view showing the structure of an accumulator dis- 
closed in Japanese Patent Publication No. 5-39409. 

Referring to the drawing, reference numeral 201 
represents a container, 202 represents a suction pipe, 
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203 represents a discharge pipe and 204 represents liq- 
uid refrigerant accumulated in the container 201 . Refer- 
ence numeral 205 represents refrigerating machine oil. 
Reference numeral 203a to 203e represent plural oil 
recovery holes opened in the vertical direction of the 5 
discharge pipe 203. In this example, five oil recovery 
holes are formed. Reference numeral 203f represents a 
gas inlet port formed at an end of the discharge pipe 
203. Symbol U indicates the velocity of a gas in the dis- 
charge pipe 203. " 1Q 

In the refrigerating and air-conditioning circuit 
including the foregoing accumulator, a fluid containing a 
gas refrigerant, a liquid refrigerant and refrigerating 
machine oil is allowed to pass through the suction pipe 
202, and then introduced into the container 201. The is 
gas refrigerant and the liquid refrigerant are separated 
from each other in the internal space in the container 
201 . Then, the gas refrigerant is allowed to flow from the 
gas inlet opening 203f to pass through the discharge 
pipe 203, and then discharged to the outside of the con- 20 
tainer 201. On the other hand, the liquid refrigerant 204 
and refrigerating machine oil 205 are accumulated in a 
lower portion of the container 201. 

If refrigerating machine oil 205 has poor or no solu- 
bility with the liquid refrigerant 204 or if refrigerating 25 
machine oil 205 encounters phase separation from that 
of the liquid refrigerant 204 depending on the operating 
condition, refrigerating machine oil 205 and the liquid 
refrigerant 204 in the Container 201 are separated from 
each other as shown in the drawing. As a result refrig- 30 
erating machine oil 205 having a thickness h floats on 
the liquid refrigerant 204 having the liquid level of H. The 
plural oil-recovery holes 203a to 203e are formed in the 
vertical direction so that refrigerating machine oil 205 
and the liquid refrigerant 204 are sucked into the dis- 35 
charge pipe 203 through the oil-recovery holes 203a to 
203e. Thus, they are mixed with the gas refrigerant and 
allowed to f tow in the apparatus. 

Another example of the conventional accumulator 
will now be described. Fig. 34 is a vertical cross sec- 40 
tional view showing the structure of an accumulator dis- 
posed in Japanese Utility-Model Laid-Open No. 58- 
87079. The internal structure of the accumulator is dif- 
ferent from that of the conventional apparatus shown in 
Fig. 33. 45 

Referring to the drawing, reference numeral 206 
represents a container, 207 represents a suction pipe 
and 208 represents a discharge pipe. Reference 
numeral 208a to 208e represent a plurality of oil-recov- 
ery holes vertically formed in the discharge pipe 208. so 
Reference numeral 209 represents a liquid refrigerant 
and 210 represents refrigerating machine oil. 

In the refrigerating and air-conditioning circuit 
including the above-mentioned accumulator, a fluid con- 
taining the gas refrigerant the liquid refrigerant and 55 
refrigerating machine oil is allowed to pass through the 
suction pipe 207, and then introduced into the container 
206. In the internal space in the container 206, the gas 



refrigerant and the liquid refrigerant are separated from 
each other. Moreover, refrigerating machine oil 210 and 
the liquid refrigerant 209 are separated from each other. 
Refrigerating machine oil 210 having a low specific 
gravity is brought to a state in which it floats on the liquid 
refrigerant 209. Since the plural oil-recovery holes 208a 
to 208e are formed vertically, refrigerating machine oil 
210 and the liquid refrigerant 209 are sucked into the 
discharge pipe 208 through the oil-recovery holes 208a 
to 208e. Then, they are mixed with the gas refrigerant, 
and allowed to flow in the apparatus. 

The two conventional structures are operated simi- 
larly and suffers from similar problems. The operation 
and problem of the conventional structure shown in Fig. 
33 will now be described. 

The flow rate of the liquid refrigerant which is intro- 
duced into the discharge pipe 203 through the oil-recov- 
ery holes 203a to 203e is enlarged as the velocity U of 
the gas which flows in the discharge pipe 203 is raised 
and the quantity of the liquid refrigerant which is accu- 
mulated in the container 201 , that is. the height H of the 
liquid refrigerant, is enlarged. Fig. 35 shows a flow-rate 
characteristic realized on the assumption that the gas 
velocity U is a constant value and the thickness h of 
refrigerating machine oil 205 which floats on the liquid 
refrigerant 204 is constant. 

Referring to Fig. 35. the axis of abscissa stands for 
the height H (mm) of the liquid refrigerant and axis of 
ordinate stands for the rate (kg/h) of flow which is intro- 
duced into the discharge pipe 203. Dashed lines indi- 
cate the flow rates of portions of the liquid refrigerant 
which are introduced through the oil-recovery holes 
203a to 203e. An alternate long and short dash line ris- 
ing to the right indicates the total flow rate of the liquid 
refrigerant introduced through the respective oil-recov- 
ery holes. 

As the height H of the liquid refrigerant is enlarged, 
the number of the oil-recovery holes which exist in the 
liquid refrigerant 204 is enlarged. Since the rate of the 
flows which are introduced through the lower oil-recov- 
ery holes is enlarged by a quantity corresponding to the 
potential head of the liquid, the foregoing flow rate is 
enlarged as compared with a rate of the flows which are 
introduced through the upper oil-recovery holes. There- 
fore, the total flow rate of the liquid refrigerant is not 
enlarged in proportion to the height H of the liquid refrig- 
erant. The total flow rate is enlarged with increasing 
speed. That is, as the level of the liquid refrigerant is 
raised, the quantity of the liquid refrigerant 204 which is 
sucked into the discharge pipe 203 and discharged from 
the accumulator is enlarged. 

The flow rate of oil will now be described. A saw- 
tooth solid line shown in Fig. 35 indicates a flow rate of 
refrigerating machine oil 205, which floats in the upper 
portion and which is introduced into the discharge pipe 
203 through the oil-recovery hole. Fig. 36 is a diagram 
showing change in the flow rate of oil. The quantity of 
refrigerating machine oil is determined by the refrigerat- 
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ing and air-conditioning circuit which includes the accu- 
mulator. Since the diameter of each oil-recovery hole is 
usually determined to prevent excess accumulation of 
refrigerating machine oil in the accumulator, the quantity 
of refrigerating machine oil which is accumulated in the 
closed container 201 of the accumulator is not changed 
considerably Therefore, one or two oil-recovery holes 
usually exist within the thickness h of refrigerating 
machine oil although the number varies depending on 
the intervals of the oil-recovery holes. 

Fig. 36 (a) shows a state in which refrigerating 
machine oil 205 is accumulated in a range including the 
two oil-recovery holes 203c and 203d. Fig. 36 (b) shows 
a state in which refrigerating machine oil 205 is accumu- 
lated in a range including one oil-recovery hole 203d 
though the thickness h of refrigerating machine oil is the 
same as that in the case shown in (a). That is, the state 
shown in (a) or that shown in (b) can be realized 
depending upon the change in the height H of the liquid 
refrigerant. As a matter of course, the difference 
between the two states causes the flow rate of oil to be 
changed. Thus, the state shown in (a) is a state in which 
the flow rate of oil is larger than that in the state shown 
in (b). Therefore, even if the thickness h of refrigerating 
machine oil is constant, the flow rate of oil which is intro- 
duced into the discharge pipe 203 is somewhat 
changed when the height H of the liquid refrigerant is 
changed. In actual, the flow rate has the trend toward 
sawtooth change, as shown in Fig. 35. 

An operation condition is considered in which the 
liquid refrigerant is mixed with the gas refrigerant which 
flows in. the accumulator and the quantity of the liquid 
refrigerant in the liquid refrigerant is enlarged exces- 
sively. Moreover, refrigerating machine oil of the type 
which encounters the phase separation with the liquid 
refrigerant is used in the accumulator having the con- 
ventional structure (see Figs. 33 and 34). In the forego- 
ing state, the liquid refrigerant in a large quantity is 
introduced into the compressor because a large number 
of the oil-recovery holes exist In the foregoing state, the 
compressor is brought to a state in which the liquid is 
compressed and thus abnormally high pressure is gen- 
erated. Also the inside portion of the compressor 
encounters defective lubrication of the bearing portion 
because an oil-supply pump sucks the liquid refrigerant 
and thus supplies the liquid refrigerant to the bearing 
portions and sliding portions. As a result, the moving 
portions in the compressor encounter abnormal abra- 
sion and seizure. Thus, the refrigerating and air-condi- 
tioning circuit encounters a defect in the cooling 
performance or in the operation. The foregoing state 
sometimes suffers from unsatisfactory reliability as 
compared with an arrangement in which refrigerating 
machine oil having solubility with the refrigerant is 
employed. 

As can be understood from the description about 
the convention apparatus, the flow rate of the liquid 
refrigerant which is discharged from the accumulator 



included in the refrigerating and air-conditioning circuit 
is required to be not larger than a certain limit. On the 
other hand, a somewhat large flow rate of refrigerating 
machine oil is required to smoothly operate the com- 
5 pressor. The foregoing limits somewhat vary depending 
on the refrigerating and air-conditioning circuit which 
includes the accumulator. 

To reduce the flow rate of the liquid refrigerant in the 
conventional structure shown in Fig. 33 or 34. the diam- 

10 eter of each oil-recovery hole is required to be reduced 
for example. However, the minimum diameter of the oil- 
recovery hole has a limit because a required flow rate of 
refrigerating machine oil which must be processed. 
Moreover, excessive reduction in the diameter is unfit 

15 for a mass production. What is worse, there is appre- 
hension that clogging of foreign matter, such as dust, 
takes place if the diameter of the hole is too small. 
Therefore, the diameter must be larger than a certain 
value, for example, the diameter of the hole must be not 

20 smaller than about 1.5 mm. However, the foregoing 
diameter is too small to reduce the flow rate of the liquid 
refrigerant. 

Moreover, another problem arises in the structures 
shown in Fig. 33 and 34 from a viewpoint of the flow rate 

25 characteristic of oil. That is, if the diameter of each oil- 
recovery hole is made to be a small diameter, the flow 
rate of the liquid refrigerant can be reduced. However, 
also the flow rate of oil is undesirably reduced. In this 
case, a required flow rate as refrigerating machine oil 

30 cannot be realized. In this case, oil in a large quantity is 
accumulated in the container of the accumulator, caus- 
ing the quantity of oil in the compressor to be reduced. 

As described above, the conventional accumulator 
is brought to a state in which the compressor sucks liq- 

35 uid refrigerant in a large quantity. Thus, the accumulator 
is brought to a state in which the liquid refrigerant is 
compressed, thus causing abnormally high pressure to 
be generated. Since the oil supply pump in the com- 
pressor sucks the liquid refrigerant and supplies the liq- 

40 uid refrigerant to the bearing portions and moving 
portions, the bearing portions suffer from insufficient 
lubrication. As a result, the mechanisms in the com- 
pressor can be broken, abnormal abrasion and seizure 
take place in the moving portion in the compressor. 

45 As described above, the conventional accumulator 
has a problem in that the flow rate of each of the liquid 
refrigerant and refrigerating machine oil cannot appro- 
priately be controlled if refrigerating machine oil having 
solubility with the refrigerant is employed or refrigerating 

so machine oil having poor solubility with the refrigerant is 
employed. Thus, the reliability of the operation of the 
compressor has been unsatisfactory. 

SUMMARY OF THF IMVFfvfTin^ 

55 

In view of the foregoing, an object of the present 
invention is to obtain an accumulator which is capable of 
preventing excessive discharge of liquid refrigerant from 
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the accumulator, reducing the flow rate of the liquid 
refrigerant which is introduced into the compressor and 
reducing the quantity of refrigerating machine oil which 
is accumulated in the accumulator so that a required 
quantity of refrigerating machine oil in the compressor is 5 
maintained. As a result, the reliability of the compressor 
and that of a refrigerating and air-conditioning circuit are 
attempted to be improved. 

An accumulator according to a first aspect of the 
present invention comprises a first space into which liq- 10 
uid and a gas which are fluids arranged to circulate in a 
refrigerating and air-conditioning circuit are introduced 
by introducing means; a second space for introducing 
the gas from the first space by gas passage means, dis- 
charging the gas to the refrigerating and air-conditioning 15 
circuit by discharging means and having a structure 
capable of accumulating the liquid; liquid-level maintain- 
ing means for preventing the level of the accumulated 
liquid introduced into the first space from becoming a 
level not lower than a predetermined height; liquid pas- 20 
sage means for moving the liquid from the first space to 
the second space when the liquid level has been raised 
to a level not lower than the predetermined height; and 
returning means opened in the first space at a position 
lower than the predetermined height and arranged to 25 
discharge the liquid accumulated in the first space to the 
refrigerating and air-conditioning circuit 

An accumulator according to a second aspect of 
the present invention has a structure that the liquid pas- 
sage means and the gas passage means according to 30 
the first aspect are formed into a gas passage pipe hav- 
ing ends opened in a gas portion of the first space and 
other ends opened in the second space and disposed in 
a vertical direction across the gas portion and a liquid 
accumulation portion in the first space, and the liquid- 35 
level maintaining means has a communication portion 
allowed to communicate with the gas passage pipe dis- 
posed in the vertical direction in the first space at the 
predetermined height, a first passage for establishing 
the communication between the communication portion 40 
and an upper portion in the first space and a second 
passage for establishing the communication between 
the communication portion and a space in the first 
space at a position lower than the predetermined 
height. ^ 

An accumulator according to a third aspect of the 
present invention has a structure according to the first 
or second aspect and arranged to further comprise 
moving means for moving the liquid accumulated in the 
second space to the first space. 50 

An accumulator according to a fourth aspect of the 
present invention has a structure according to the third 
aspect and arranged in such a manner that the second 
space is formed above the first space, and the moving 
means is communication means for establishing the 55 
communication between the liquid accumulation portion 
in the second space and the first space. 

An accumulator according to a fifth aspect of the 



present invention has a structure according to the third 
aspect and arranged in such a manner that the moving 
means establishes the communication between the 
introducing means and the liquid accumulation portion 
in the second space by dint of one or a plurality of con- 
nection means, and an end of the connection means 
adjacent to the introducing means is allowed to project 
over the inner surface of the introducing means toward 
the inside portion so that the liquid accumulated in the 
second space is caused to follow the fluid when the fluid 
is introduced into the first space by the introducing 
means. 

An accumulator according to a sixth aspect of the 
present invention has a structure according to the third 
aspect and arranged in such a manner that the moving 
means is composed of liquid-recovery means vertically 
disposed in the liquid accumulation portion in the sec- 
ond space and arranged to be capable of recovering the 
liquid positioned at different positions in a vertical direc- 
tion and a connection means for establishing the com- 
munication between the introducing means and the 
liquid-recovery means, and an end of the connection 
means adjacent to the introducing means is allowed to 
project over the inner surface of the introducing means 
toward the inside portion so that the liquid accumulated 
in the second space is caused to follow the fluid when 
the fluid is introduced into the first space by the intro- 
ducing means. 

An accumulator according to a seventh aspect of 
the present invention has a structure according to the 
third aspect and arranged in such a manner that the 
second space is disposed above the first space, and the 
moving means is composed of a third space formed at 
an intermediate position between the second space and 
the first space, a first opening/closing valve disposed 
between the first space and the third space and a sec- 
ond opening/closing valve disposed between the sec- 
ond space and the third space so that the first 
opening/closing valve is closed when the second open- 
ing/closing valve is opened and the first opening/closing 
valve is opened when the second opening/closing valve 
is closed in order to move the liquid accumulated in the 
second space to the first space through the third space. 

An accumulator according to an eighth aspect of 
the present invention has a structure according to any 
one of the first to seventh aspects and arranged in such 
a manner that liquid-level stabilizing means for stabiliz- 
ing the liquid level in the space is provided for either of 
the first space or the second space. 

BRIEF DES CRIPTION OF THE DRAWING 

Fig. 1 is a cross sectional view showing an accumu- 
lator according to a first embodiment of the present 
invention. 

Fig. 2 is a diagram showing the operation of the 
accumulator according to the first embodiment. 

Fig. 3 is a cross sectional view showing an accumu- 
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lator according to a second embodiment of the present 
invention. 

Fig. 4 is a cross sectional view showing an accumu- 
lator according to a third embodiment of the present 
invention. 5 

Fig. 5 is a vertical cross sectional view showing a 
first container according to a fourth embodiment. 

Fig. 6 is a cross sectional view showing an accumu- 
lator according to a fourth embodiment of the present 
invention. 10 

Fig. 7 is a cross sectional view showing an accumu- 
lator according to a fifth embodiment of the present 
invention. 

Fig. 8 is a cross sectional view showing an accumu- 
lator according to a sixth embodiment of the present is 
invention. 

Fig. 9 is a vertical cross sectional view showing a 
refrigerant suction pipe according to the sixth embodi- 
ment. 

Fig. 10 is a cross sectional view showing the accu- 20 
mulator according to the sixth embodiment 

Fig. 1 1 is a cross sectional view showing an accu- 
mulator according to a seventh embodiment of the 
present invention. 

Fig. 12 is a cross sectional view showing an accu- 25 
mulator according to an eighth embodiment of the 
present invention. 

Fig. 13 is a vertical cross sectional view showing a 
second container according to the eighth embodiment. 

Fig. 1 4 is a vertical cross sectional view showing an 30 
accumulator according to a ninth embodiment of the 
present invention. 

Fig. 1 5 is a vertical cross sectional view showing an 
accumulator according to a tenth embodiment of the 
present invention. 35 

Fig. 16 is a diagram showing the operation of a 
moving means according to the tenth embodiment of 
the present invention. 

Fig. 1 7 is a vertical cross sectional view showing an 
accumulator according to an eleventh embodiment of 40 
the present invention. 

Fig. 18 is a vertical cross sectional view showing an 
accumulator according to a twelfth embodiment of the 
present invention. 

Fig. 1 9 is a vertical cross sectional view showing an 45 
accumulator according to a thirteenth embodiment of 
the present invention. 

Fig. 20 is a vertical cross sectional view showing an 
accumulator according to a fourteenth embodiment of 
the present invention. so 

Fig. 21 is a vertical cross sectional view showing an 
accumulator according to a fifteenth embodiment of the 
present invention. 

Fig. 22 is a cross sectional view showing an accu- 
mulator according to a sixteenth embodiment of the ss 
present invention. 

Fig. 23 is a cross sectional view showing an accu- 
mulator according to a seventeenth embodiment of the 



present invention. 

Fig. 24 is a cross sectional view showing an accu- 
mulator according to an eighteenth embodiment of the 
present invention. 

Fig. 25 is a cross sectional view showing an accu- 
mulator according to a nineteenth embodiment of the 
present invention. 

Fig. 26 is a cross sectional view showing an accu- 
mulator according to a twentieth embodiment of the 
present invention. 

Fig. 27 is a vertical cross sectional view showing a 
gas communication pipe according to the twentieth 
embodiment. 

Fig. 28 is a cross sectional view showing an accu- 
mulator according to a twenty-first embodiment of the 
present invention. 

Fig. 29 is a cross sectional view showing an accu- 
mulator according to a twenty-second embodiment of 
the present invention. 

Fig. 30 is a cross sectional view showing an accu- 
mulator according to a twenty-third embodiment of the 
present invention. 

Fig. 31 is a vertical cross sectional view showing an 
example of a conventional accumulator. 

Fig. 32 is a graph showing flow rates (kg/h) of liquid 
refrigerant and refrigerating machine oil with respect to 
height (mm) of the liquid refrigerant level in the conven- 
tional accumulator. 

Fig. 33 is a vertical cross sectional view showing 
another example of the conventional accumulator. 

Fig. 34 is a vertical cross sectional view showing 
another example of the conventional accumulator. 

Fig. 35 is a graph showing flow rates (kg/h) of the 
liquid refrigerant and refrigerating machine oil with 
respect to height (mm) of the liquid refrigerant level in 
the conventional accumulator. 

Fig. 36 is a graph showing change in the flow rate in 
the conventional accumulator. 

DETAILED DESCRIPTION OF THE PREFFRRFH 
EMBODIMENTS 

First Embodiment 

The structure of an accumulator for use in a refrig- 
erating and air-conditioning circuit according to a first 
embodiment of the present invention will now be 
described. Fig. 1 is a diagram showing an accumulator 
having a structure that a first container is disposed 
below a second container. Fig. 1 (a) is a vertical cross 
sectional view, and Fig. 1 (b) is a cross sectional view 
taken along line X-X shown in Fig. 1 (a). In this embod- 
iment, an assumption is made that refrigerating 
machine oil having poor solubility with refrigerant is 
employed for use in the refrigerating and air-condition- 
ing circuit 

Referring to the drawings, reference numeral 1 rep- 
resents a first space which is a first container and 2 rep- 
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resents a second space which is a second container. 
Reference numeral 3 represents an introducing means 
which is, for example, a suction pipe, for introducing gas 
refrigerant, liquid refrigerant and refrigerating machine 
oil which circulate in the refrigerating and air-condition- 
ing circuit. Reference numeral 4 represents a pipe, 
which is a gas passage pipe, which serves as both of a 
liquid passage means and a gas passage means. 
Although the gas passage pipe 4 has a main function of 
introducing the gas refrigerant in the first container 1 
into the second container 2, this embodiment has a 
structure that also the liquid refrigerant and refrigerating 
machine oil are allowed to pass through the gas pas- 
sage pipe 4 so as to be moved to the second container 
2. Reference numeral 5 represents a discharge means 
for discharging the gas refrigerant to the refrigerating 
and air-conditioning circuit the discharge pipe being a 
discharge pipe. Reference numeral 6 represents a 
return means for moving refrigerating machine oil accu- 
mulated in the first container 1 to the refrigerating and 
air-conditioning circuit, the return means being an oil 
return pipe. Reference numeral 7 represents an air-duct 
pipe, 8 represents a communication pipe and 9 repre- 
sents gas refrigerant. 

The gas passage pipe 4 has an end which is 
opened in a gas portion in the first container 1 and 
another end opened in the second container 2. The gas 
passage pipie 4 is. in the first container 1 , vertically dis- 
posed across the gas portion and the liquid accumula- 
tion portion. The gas passage pipe 4 is allowed to 
communicate with the communication pipe 8 at a prede- 
termined height from the bottom of the first container 1 
at which the liquid level is required to be maintained. 
The communication pipe 8 is connected to the air-duct 
pipe 7. Thus, an upper end 7a of the air<luct pipe 7 from 
the position at which the communication pipe 8 is con- 
nected forms a first passage which establishes the com- 
munication between the communication pipe 8 and an 
upper portion in the first container 1. A lower end 7b of 
the air-duct pipe 7 from the position at which the com- 
munication pipe 8 is connected forms a second pas- 
sage which establishes the communication between the 
communication pipe 8 and a space in the first container 
1 which is lower than a predetermined height 

The operation of the accumulator having the above- 
mentioned structure will now be described. 

The gas refrigerant 9 discharged from an evapora- 
tor in the refrigerating and air-conditioning circuit is 
introduced from the suction pipe 3 into the first container 
1 . Then, the gas refrigerant 9 is allowed to pass through 
the gas passage pipe 4, and then introduced into the 
second container 2, after which the gas refrigerant 9 is 
introduced into the compressor. At this time, the opera- 
tion condition of the refrigerating and air-conditioning 
circuit results in the liquid refrigerant 10 and refrigerat- 
ing machine oil 1 1 being mixed with the gas refrigerant 
9. The gas refrigerant 9. the liquid refrigerant 10 and 
refrigerating machine oil 1 1 introduced into the first con- 



tainer 1 are subjected to gas-liquid separation. Thus, 
the liquid refrigerant 10 and refrigerating machine oil 1 1 
separated from each other are accumulated in the bot- 
tom portion of the first container 1. Assuming that the 
5 liquid refrigerant 10 and refrigerating machine oil 11 
have no mutual solubility and refrigerating machine oil 
1 1 having the specific gravity lower than that of the liq- 
uid refrigerant 10 is employed, refrigerating machine oil 
1 1 floats on the upper surface of the liquid refrigerant 
10 10. The oil return pipe 6 is connected to a circuit for 
returning separated refrigerating machine oil 11 to the 
compressor. Arrows shown in the drawing indicate flows 
of the gas refrigerant 9 (hollow hair line arrows), the liq- 
uid refrigerant 10 (dotted arrows) and refrigerating 
is machine oil 11 (diagonal-line arrows). 

The operation of the air-duct pipe 7 will be 
described later with reference to Fig. 2. The main func- 
tion of the air-duct pipe 7 is a function to maintain a pre- 
determined height of the liquid level (the height of the 
20 liquid level) in the first container 1. When refrigerating 
machine oil having poor solubility with the refrigerant is 
employed, the air-duct pipe 7 has a function to selec- 
tively move the liquid refrigerant 10 to the second con- 
tainer 2. That is, the liquid refrigerant 10 is introduced 
25 from the communication pipe 8 into the gas passage 
pipe 4 so as to be brought to a state of a multi-phase 
f tow with the gas refrigerant 9 and introduced from the 
first container 1 into the second container 2. Since the 
gas-liquid separation effect can be attained in the sec- 
30 ond container 2, refrigerating machine oil 1 1 is accumu- 
lated in the bottom portion of the second container 2. 
Only the gas refrigerant 9 is discharged from the dis- 
charge pipe 5 to the compressor. Since the height of the 
liquid in the first container 1 is substantially constant as 
35 described above, no influence of the height of the liquid 
is exerted on the discharge flow rate as has been expe- 
rienced with the conventional accumulator. Thus, the 
flow rate can be stabilized. In addition, refrigerating 
machine oil 11 which flows above the liquid refrigerant 
40 1 0 can selectively be discharged from the oil return pipe 
6. 

The operation of the air-duct pipe 7 will now be 
described. Figs. 2 (a), 2 (b) and 2 (c) are diagrams 
showing the operation in the first container 1. Referring 

45 to the drawings, hi indicates the height from the bottom 
surface of the first container 1 to the oil return pipe 6, 
and h2 indicates the height from the bottom surface of 
the first container 1 to the communication pipe 8. The 
heights satisfy hi < h2. The lower end 7b of the air-duct 

so pipe 7 is opened at a position lower than the height of 
the oil return pipe 6. Assuming that the height from the 
bottom surface of the first container 1 to the lower end 
7b of the air-duct pipe 7 is h3, the relationship h3 < hi is 
satisfied. Note that the upper end 7a of the air-duct pipe 

ss 7 is opened at substantially the same position as that of 
the upper end of the gas passage pipe 4. 

Figs. 2 (a) and 2 (b) show a state in which the liquid 
refrigerant 10 is. together with the gas refrigerant 9, 
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introduced from the evaporator into the accumulator. 
Fig. 2 (a) shows a state in which the height of the liquid 
level (the oil level) is not smaller than h2. Fig. 2 (b) 
shows a state in which the height of the liquid level (the 
oil level) is not larger than h2. Fig. 2 (c) shows a state of 5 
the operation of the refrigerating and air-conditioning 
circuit in which the liquid refrigerant 10 is not introduced 
from the evaporator into the accumulator and only the 
gas refrigerant 9 and refrigerating machine oil 1 1 are 
introduced into the accumulator. 10 

Referring to Fig. 2, the function of maintaining a 
substantially constant height of the liquid level (the oil 
level) in the first container 1 and a function of selectively 
introducing only the liquid refrigerant 10 from the gas 
passage pipe 4 into the second container 2 will now be is 
described. 

Fig. 2 (a) shows a state in which the liquid refriger- 
ant 10 and refrigerating machine oil 1 1 have been accu- 
mulat d in the first container 1. Since refrigerating 
machine oil 1 1 has a smaller specific gravity, refrigerat- 20 
ing machine oil 1 1 floats on the liquid refrigerant 10. The 
oil return pipe 6 has a diameter and a length which per- 
mit refrigerating machine oil which has been introduced 
into the first container 1 to be discharged. Moreover, the 
diameter and the length of each of the lower end 7b and 25 
the communication pipe 8 are determined to be capable 
of discharging the liquid refrigerant in a quantity which is 
introduced into the first container 1. If the height of the 
liquid level (the oil level) is not smaller than h2 as shown 
in Fig. 2 (a), the height of the liquid in the first container 30 
1 and that in the air-duct pipe 7 are made to be the 
same level. Therefore, the communication pipe 8 is filled 
with the liquid refrigerant 10. As a result, the liquid 
refrigerant 10 is allowed to flow from the lower end 7b of 
the air-duct pipe 7 through the communication pipe 8, 35 
and then introduced into the second container 2. Since 
the position of the lower end 7b of the air-duct pipe 7 is 
included in the layer of the Oquid refrigerant 10, only the 
liquid refrigerant 10 is introduced from the lower end 7b 
of the air-duct pipe 7 to lower the height of the liquid 40 
level (the oil level). 

When the quantity of the liquid refrigerant intro- 
duced from the suction pipe 3 has been reduced and 
the height of the liquid level (the oil level) in the first con- 
tainer 1 is not higher than h2, the state shown in Fig. 2 45 
(b) is realized. Thus, the gas refrigerant 9 flows from the 
upper end 7a of the air-duct pipe 7 to the communica- 
ti n pipe 8. Therefore, the liquid refrigerant 10 is not 
introduced from the lower end 7b of the air-duct pipe 7. 
Therefore, when the liquid refrigerant 1 0 has been intro- so 
duced from the suction pipe 3 in the above-mentioned 
state, the height of the liquid level (the oil level) is raised. 
Thus, the state shown in Fig. 2 (a) is realized. That is, 
the effect can be obtained in that the substantially con- 
stant height of the liquid level (the oil level) in the first 55 
container 1 can be maintained near the position (the 
height h2 from the bottom surface) at which the commu- 
nication pipe 8 is disposed. 



A state in which no liquid refrigerant is introduced 
into the accumulator is frequently realized as the opera- 
tion state of the refrigerating and air-conditioning circuit. 
The state in which the liquid refrigerant 10 is not intro- 
duced from the suction pipe 3 and the gas refrigerant 9 
and refrigerating machine oil 1 1 are introduced is shown 
in Fig. 2 (c). The dimensions of the oil return pipe 6 are 
determined in such a manner that a maximum quantity 
of oil which has been introduced from the suction pipe 3 
can be discharged. Moreover, the design is performed 
in such a manner that the level of refrigerating machine 
oil 1 1 does not exceed hi when the liquid refrigerant 10 
is not introduced. That is, the oil level in the first con- 
tainer 1 does not exceed h2 as shown in Fig. 2 (c). 
Therefore, refrigerating machine oil 1 1 is not introduced 
from the lower end 7b into the second container 2 
through the communication pipe 8. Therefore, dis- 
charge of refrigerating machine oil 1 1 to the second 
container 2 can be prevented. 

As a result of the sequential operations, the sub- 
stantially constant height of the liquid level (the oil level) 
in the first container 1 can be maintained. Although a 
mixed fluid of refrigerating machine oil 11 or the liquid 
refrigerant and refrigerating machine oil is discharged 
from the oil return pipe 6, the flow rate from the oil return 
ppe 6 to the compressor is made to be constant 
because the height of the liquid in the first container 1 is 
substantially constant That is. the phenomenon that the 
height of the liquid level in the container is raised and 
thus the flow rate of the liquid refrigerant which is 
returned to the compressor is enlarged does not occur 
as has been experienced with the conventional appara- 
tus. When the rate of the flow from the oil return pipe 6 
to the compressor is made to be not larger than the limit 
of the introduction of the liquid refrigerant for the com- 
pressor, the flow rate of the liquid refrigerant which is 
introduced into the communication can be prevented. 
Thus, any defect of the compressor can be prevented. 

As described above, the structure of the accumula- 
tor according to this embodiment is arranged as 
described above for use in the refrigerating and air-con- 
ditioning circuit in which refrigerating machine oil which 
is not dissolved in the liquid refrigerant is employed. 
Thus, refrigerating machine oil of the liquids which are 
accumulated in the first container 1 can be returned to 
the compressor and an excessive quantity of the liquid 
refrigerant exceeding a predetermined height can 
selectively be moved to the second container 2 so as to 
be accumulated. Therefore, refrigerating machine oil 
can efficiently be circulated and a required quantity of 
refrigerating machine oil in the compressor can be 
maintained. Since the second container 2 has the gas- 
liquid separation function, only a little quantity of the liq- 
uid refrigerant is discharged from the discharge pipe 5 
to the refrigerating and air-conditioning circuit 
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Second Embodiment 

An accumulator according to a second embodiment 
of the present invention and adaptable to a refrigerating 
and air-conditioning circuit will now be described. The 
second embodiment has the same function as that of 
the first embodiment except for refrigerating machine oil 
having poor solubility with the refrigerant being 
employed in the refrigerating and air-conditioning cir- 
cuit. In this embodiment, the first container is disposed 
above the second container to cause the liquid refriger- 
ant in the first container to drop so that the liquid refrig- 
erant is accumulated in the second container. Fig. 3 is a 
diagram showing the accumulator according to this 
embodiment having a structure that the first container 1 
is disposed above the second container 2. Fig. 3 (a) is a 
vertical cross sectional view, and Fig. 3 (b) is a cross 
sectional view taken along line X-X shown in Fig. 3 (a). 

Referring to the drawings, reference numeral 12 
represents a gas communication pipe arranged to 
establish the connection between the first container 1 
and the second container 2 and structured to permit a 
flow of the gas refrigerant 9. Reference numeral 12a 
represents an outlet opening of the gas communication 
pipe, and 12b represents a inlet opening of the gas 
communication pipe. Reference numeral 13 represents 
an air-duct pipe disposed in parallel to the gas commu- 
nication pipe 12 and formed into a pipe shape having 
two opened vertical ends. Reference numeral 13a rep- 
resents an upper end 13a of the air-duct pipe 13. Refer- 
ence numeral 1 3b represents a lower end 1 3b of the air- 
duct pipe 13. A position near an intermediate position of 
the air-duct pipe 1 3 is connected to the side surface of 
the gas communication pipe 12 through a communica- 
tion pipe 14. The structure that the air-duct pipe 13 and 
the gas communication pipe 12 are connected to each 
other is the same as that according to the first embodi- 
ment. The height hi from the bottom surface of the first 
container 1 to the oil return pipe 6, the height h2 from 
the bottom surface of the first container 1 to the commu- 
nication pipe 14 and the height h3 from the bottom sur- 
face of the first container 1 to the lower end 13b of the 
air-duct pipe 1 3 satisfy h3 < hi < h2. The upper end 1 3a 
of the air-duct pipe 13 is opened at substantially the 
same position as that of the upper end of the gas com- 
munication pipe 12. 

As a result of the above-mentioned structure, the 
gas communication pipe 12, the air-duct pipe 13 and the 
communication pipe 14 have the function described 
with reference to Fig. 2. Thus, an effect can be obtained 
in that the substantially constant height of the liquid level 
(the oil level) can be maintained in the first container 1 . 

That is, when the height of the liquid level (the oil 
level) in the first container 1 is not larger than h2. the 
gas refrigerant 9 is introduced into the gas communica- 
tion pipe 12, the air-duct pipe 13 and the communication 
pipe 14. When the height of the liquid level (the oil level) 
is made to be not smaller than hi, refrigerating machine 



oil which floats in the upper portion among the liquids 
accumulated in the first container 1 is discharged from 
the oil return pipe 6. When the height of the liquid level 
(the oil level) in the first container 1 is made to be not 
5 smaller than h2, the liquid refrigerant 10 is introduced 
from the lower end 13b of the air-duct pipe 13 into the 
gas communication pipe 12. The liquid refrigerant 10 is, 
attributable to gravity drop and the flow of the gas! 
moved to the second container 2 disposed at the lower 
w position, and then accumulated in the bottom portion of 
the second container 2. Thus, similarly to the first 
embodiment, the accumulator for the refrigerating and 
air-conditioning circuit in which refrigerating machine oil 
having poor solubility with the liquid refrigerant is 
is employed is able to selectively return refrigerating 
machine oil 1 1 from the oil return pipe 6 to the compres- 
sor. Moreover, the liquid refrigerant 10 can selectively 
be accumulated in the second container 2. Since the 
second container 2 has the gas-liquid separation func- 
20 tion, discharge of the liquid refrigerant from the dis- 
charge pipe 5 is not enlarged considerably even rf the 
liquid refrigerant is accumulated in the second container 
2. 

As described above, also this embodiment is able 
25 to make the height of the liquid level in the first container 
1 to be substantially constant height of h2. Therefore, 
the rate of the flow from the oil return pipe 6 to the com- 
pressor can be made to be constant. Thus, the phenom- 
enon experienced with the conventional apparatus that 
30 the flow rate of the liquid refrigerant which is returned to 
the compressor is enlarged as the height of the liquid 
level in the container is enlarged can be prevented. 
Although refrigerating machine oil or a mixed fluid of 
refrigerating machine oil and the refrigerant is dis- 
ss charged from the oil return pipe 6. adjustment of the 
inner diameter of the oil return pipe 6 or the like enables 
the rate of the flow from the oil return pipe 6 to the com- 
pressor to be not larger than the limited quantity of intro- 
duction of the liquid refrigerant for the compressor. As a 
40 result, a required quantity of refrigerating machine oil in 
the compressor can be maintained. Thus, occurrence of 
a defect of the compressor can be prevented. 

Third Embodiment 

45 

In the first and second embodiments, accumulators 
have been described which are arranged to be adapta- 
ble to the refrigerating and air-conditioning circuit which 
employs refrigerating machine oil having poor solubility 

so with the refrigerant An accumulator according to this 
embodiment is applied to a refrigerating and air-condi- 
tioning circuit which employs refrigerating machine oil 
having solubility with the refrigerant. The first and sec- 
ond embodiments arranged on the assumption that 

55 refrigerating machine oil having poor solubility with the 
refrigerant have the structure that the inside portion of 
the first container 1 is provided with the means for sep- 
arating the liquid refrigerant and refrigerating machine 
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oil from each other and the means for making the height 
of the liquid refrigerant and refrigerating machine oil to 
be constant. On the other hand, the third embodiment is 
arranged on the assumption that refrigerating machine 
oil having solubility with the refrigerant is employed in 5 
the refrigerating and air-conditioning circuit. Thus, an 
object of this embodiment is to realize a function for 
making the height of the liquid refrigerant (including 
refrigerating machine oil) in the first container 1 to be 
constant Moreover, limitation of the liquid refrigerant 10 
(including refrigerating machine oil) which is discharged 
from the accumulator to the compressor is attempted. 

The accumulator for use in the refrigerating and air- 
conditioning circuit according to the third embodiment of 
the present invention will now be described. Fig. 4 is a is 
diagram showing the structure of the accumulator 
according to this embodiment and having a structure 
that the first container 1 is disposed above the second 
container 2, similarly to the second embodiment. Fig. 4 
(a) is a vertical cross sectional view, and Fig. 4 (b) is a so 
cross sectional view taken along line X-X shown in Fig 
4(a). 

Referring to the drawings, reference numeral 15 
represents a gas communication pipe which establishes 
the communication between the first container 1 and the 25 
second container 2. Reference numeral 15a represents 
a communication hole and 1 5b represents an upper end 
of the gas communication pipe 15. Reference numeral 
15b represents an upper end of the gas communication 
pipe 1 5. Reference numeral 1 5c represents a lower end 30 
of the gas communication pipe 15. Reference numeral 
1 6a represents a liquid refrigerant in which refrigerating 
machine oil which is accumulated in the first container 1 
is dissolved, and 16b represents a liquid refrigerant in 
which refrigerating machine oil which is accumulated in 35 
the second container 2 is dissolved. 

The upper end 15b of the gas communication pipe 
is disposed above the first container 1, while the lower 
end 15c of the gas communication pipe is disposed 
above the second container 2. The height h4 of the 40 
communication hole 15a is a predetermined height at 
which the liquid level is required to be maintained, the 
height h4 being higher than position hi of the oil return 
pipe 6. That is, hi < h4 is satisfied. 

The operation will now be described. Fig. 4 (a) 4s 
shows an operation state in which liquid refrigerant (in 
which refrigerating machine on is dissolved) 16 is intro- 
duced from the suction pipe 3. Since the liquid refriger- 
ant (in which refrigerating machine oil is dissolved) 16 is 
subjected to gas-liquid separation in the first container so 
1, the liquid refrigerant 16 is accumulated in the first 
container 1 . When liquid refrigerant (in which refrigerat- 
ing machine oil is dissolved) 16a accumulated in the 
first container 1 exceeds the height of the communica- 
tion hole 1 5a. it is allowed to pass through the commu- ss 
nication hole 15a and moved to the second container 2. 
Therefore, the height of the liquid refrigerant (in which 
refrigerating machine oil is dissolved) 16a in the first 



container 1 does not exceed the height h4 of the com- 
munication hole 15a. As a result, the height of the liquid 
refrigerant in the first container 1 is limited and the flow 
rate of the liquid refrigerant (in which refrigerating 
machine oil is dissolved) which is discharged from the 
oil return pipe 6 to the compressor is made to be sub- 
stantially constant. 

A state in which the liquid refrigerant is not intro- 
duced from the suction pipe 3 and only refrigerating 
machine oil is introduced can he realized according to 
the state of the operation. Also in this case, the structure 
of the oil return pipe 6 is arranged in such a manner as 
to permit refrigerating machine oil in a quantity which is 
introduced from the suction pipe 3 to be discharged sim- 
ilarly to the first and second embodiments. Thus, the 
height does not exceed the height of the communication 
hole 15a. Therefore, discharge of refrigerating machine 
oil 1 1 to the second container 2 can be prevented. Thus, 
the state in which refrigerating machine oil 11 is accu- 
mulated is not realized. 

If the quantity of liquid refrigerant accumulated in 
the accumulator shown in Fig. 31 is enlarged in the con- 
ventional apparatus, the flow rate of the liquid refriger- 
ant which is discharged to the compressor is enlarged. 
However, this embodiment is able to make the flow rate 
to be constant regardless of the quantity of the accumu- 
lated refrigerant. Even if no liquid refrigerant is intro- 
duced into the accumulator and refrigerating machine 
oil is introduced, refrigerating machine oil can reliably 
be recovered from the accumulator to the compressor, a 
defect of the operation of the compressor can be pre- 
vented. 

Fig. 5 shows an example in which the shape and 
the position of the gas communication pipe 15 shown in 
Fig. 4 (a) are changed. Also in this case, a similar effect 
can be obtained. Referring to Fig. 5. reference numeral 
15d represents a gas communication pipe having no 
communication hole The upper end of the gas commu- 
nication pipe 15d corresponds to the height of the com- 
munication hole 15a shown in Fig. 4 (a), the upper end 
being made to be a position at which a constant liquid 
level can be realized, that is. a position somewhat 
higher than the oil return pipe 6. As a result of an oper- 
ation similar to that shown in Fig. 4 (a), the height of the 
liquid level in the first container 1 can be limited. As a 
result, the flow rate of the liquid refrigerant (in which 
refrigerating machine oil is dissolved) which is dis- 
charged from the oil return pipe 6 to the compressor can 
be made to be substantially constant 

Although this embodiment has the structure in 
which the first container 1 is disposed above the second 
container 2, the first container 1 may be disposed below 
the second container 2 to obtain a similar effect as can 
easily be understood from the first embodiment. 

Fourth Embodiment 

An accumulator for use in a refrigerating and air- 
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conditioning circuit according to a fourth embodiment of 
the present invention will now be described. Also the 
accumulator according to this embodiment has the 
means for separating the liquid refrigerant and refriger- 
ating machine oil from each other and the means for 5 
making the heights of the liquid refrigerant and refriger- 
ating machine oil to be constant. 

In this embodiment, the structure for making the liq- 
uid level in the first container 1 to be constant is formed 
in such a manner that a communication hole is formed w 
in the side surface of the gas communication pipe. 
Moreover, a pipe having a diameter larger than that of 
the gas communication pipe is disposed to include the 
gas communication pipe. 

Fig. 6 (a) is a vertical cross sectional view showing is 
the accumulator according to this embodiment Fig. 6 
(b) is a lateral cross sectional view of Fig. 6 (a). Refer- 
ring to the drawings, reference numeral 1 7 represents a 
cylinder disposed in such a manner that the cylinder 1 7 
includes the gas communication pipe 15. Reference 20 
numeral 17a represents a lower end of the cylinder 17, 
the lower end 17a being a passage through which the 
liquid refrigerant flows. Reference numeral 17b repre- 
sents an upper end of the cylinder 17, the upper end 
1 7b being a passage through which the gas refrigerant 25 
9 flows. Reference numeral 18 represents a gap 
between the gas communication pipe 15 and the cylin- 
der 17. In order to maintain an appropriate gap c 
between the lower end 17a of the cylinder 17 and the 
bottom surface of the first container 1 , the elements are 30 
secured to the first container 1 . The gas communication 
pipe 15 has a communication hole 15a formed at a pre- 
determined position at which the liquid level is required 
to be maintained. 

The operation of the accumulator according to this 35 
embodiment will now be described in such a manner 
that a comparison with the embodiment shown in Fig. 1 
is made. The gap 18 corresponds to the air-duct pipe 7, 
while the communication hole 15a corresponds to the 
communication pipe 8. Therefore, when the Dquid level 40 
(the oil level) in the first container 1 is higher than h2, the 
liquid refrigerant is allowed to pass through the lower 
end 17a of the cylinder 1 7 f and introduced into the liquid 
refrigerant 16 through the communication hole 15a, 
after which the liquid refrigerant is discharged to the 45 
second container 2. When the liquid level (the oil level) 
in the first container 1 is lower than h2, the gas refriger- 
ant 9 is allowed to pass through the gap 18, and then 
introduced into the gas communication pipe 15 through 
the communication hole 15a. As a result, the liquid so 
refrigerant is not introduced into the gas communication 
pipe 15. As described above, the liquid refrigerant 16 
and the cylinder 17 form the means for making the 
heights of the liquid refrigerant and refrigerating 
machine oil to be constant The means for separating ss 
the liquid refrigerant and refrigerating machine oil from 
each other may be arranged in such a manner that the 
first container 1 is kept calmly and the oil return pipe 6 is 



disposed at the position in the layer of refrigerating 
machine oil separated from the liquid refrigerant 
because of the characteristic of refrigerating machine 
oil. 

As described above, the fourth embodiment is able 
to realize the same function which can be realized by 
the first and second embodiments. 

The fourth embodiment is structured on the 
assumption that refrigerating machine oil having poor 
solubility with the refrigerant is used. The difference 
from the third embodiment lies in that whether the cylin- 
der 17 is provided. Therefore, if the structure of this 
embodiment is applied to the refrigerating and air-condi- 
tioning circuit which uses refrigerating machine oil hav- 
ing solubility with the refrigerant, the liquid level in the 
first container 1 can be made to be constant similarly to 
the structure in which refrigerating machine oil having 
no solubility or poor solubility. Fifth Embodiment 

An accumulator for use in a refrigerating and air- 
conditioning circuit according to a fifth embodiment of 
the present invention will now be described. Also the 
accumulator according to this embodiment is structured 
to be adaptable to a case in which refrigerating machine 
oil having poor solubility with the refrigerant is used in 
the refrigerating and air-conditioning circuit. The first 
container 1 is provided with the means for separating 
the liquid refrigerant and refrigerating machine oil and 
the means for making the heights of the liquid refriger- 
ant and refrigerating machine oil to be constant. 

In this embodiment, the liquid level in the first con- 
tainer is made to be constant by diagonally cutting the 
lower end portion of the gas communication pipe and a 
pipe having a diameter larger than that of the gas com- 
munication pipe is disposed to include the gas commu- 
nication pipe. 

Fig. 7 (a) is a vertical cross sectional view showing 
the accumulator according to this embodiment. Fig. 7 
(b) is a cross sectional view taken along line X-X shown 
in Fig. 7 (a). Reference numeral 19 represents the gas 
communication pipe having a lower end 19a cut diago- 
nally. As shown in the drawings, the gas communication 
pipe 19 is secured in such a manner that a somewhat 
large gap is formed between the lower end 19a and the 
bottom surface of the first container 1 . The position is a 
position at which the required liquid level is maintained. 
Reference numeral 20 represents a cylinder arranged to 
include the gas communication pipe 19. Reference 
numeral 20a represents a lower end of the cylinder 20, 
and 20b represents an upper end of the same. Refer- 
ence numeral 21 represents a gap between the gas 
communication pipe 19 and the cylinder 20, the gap 21 
having opened upper and lower ends. The height of the 
lower end 20a is lower than the lower end 1 9a of the gas 
communication pipe 19, while the height of the oil return 
pipe 6 is included in a range between the lower end 19a 
of the gas communication pipe 19 and the lower end 
20a of the cylinder 20. 

The operation will now be described. Fig. 7 (a) 
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shows a state in which refrigerating machine oil 1 1 and 
the liquid refrigerant 10 exist in the first container 1 . The 
liquid refrigerant 10 is allowed to pass through the gap 
between the lower end 20a of the cylinder 20 and the 
bottom surface of the first container 1, and then intro- 5 
duced into the gap 21. Then, the liquid refrigerant 10 
reaches the lower end 19a of the gas communication 
pipe 19. The lower end 19a cut diagonally has a lower 
end adjacent to the liquid refrigerant 10 as illustrated. 
Since the gas refrigerant 9 flows adjacent to the surface 10 
of the liquid refrigerant 10 when the gas refrigerant 9 is 
introduced into the lower end 19a of the gas communi- 
cation pipe 19, a portion of the liquid refrigerant 10 is 
caused to move upward. Thus, the liquid refrigerant 10 
is discharged from the first container 1 , and then accu- 15 
mulated in the second container (not shown). 

When the liquid level of the liquid refrigerant 10 has 
been furthermore be raised, the area of the lower end 
19a of the gas communication pipe 19 through which 
the gas refrigerant 9 is allowed to pass is reduced. 20 
Thus, the flow velocity is raised, causing the liquid 
refrigerant 10 to be moved upwards in a larger quantity. 
If the liquid level of the liquid refrigerant 10 is low, the 
quantity of discharge from the first container 1 is 
reduced. As a result, the liquid level in the first container 25 
1 can be made to be constant 

The fifth embodiment has the structure to be adapt- 
able to use refrigerating machine oil having poor solubil- 
ity with the refrigerant Another structure from which the 
cylinder 20 is omitted may be employed to attain an 30 
effect similar to that obtainable from the fourth embodi- 
ment in a case of refrigerating machine oil having solu- 
bility with the refrigerant is used in the refrigerating and 
air-conditioning circuit. 

35 

Sixth Embodiment 

An accumulator for use in a refrigerating and air- 
conditioning circuit according to a sixth embodiment of 
the present invention will now be described. Also the 40 
accumulator according to this embodiment is structured 
to be adaptable to the refrigerating and air-conditioning 
circuit using refrigerating machine oil having poor solu- 
bility with the refrigerant. The first container includes the 
means for separating liquid refrigerant and refrigerating 45 
machine oil from each other and the means for making 
the heights of the liquid refrigerant and refrigerating 
machine oil to be constant. 

In this embodiment, the liquid level in the first con- 
tainer is made to be constant by a structure in which the so 
first container is disposed above or below the second 
container. Moreover, the first container and the second 
container are connected to each other by a liquid return 
pipe, and a cylinder (a pipe) having a diameter larger 
than the liquid return pipe is disposed in such a manner 55 
as to include the portion near the upper portion of the 
liquid return pipe. 

Fig. 8 (a) is a vertical cross sectional view showing 



an accumulator according to this embodiment, and Fig. 
8 (b) is a cross sectional view taken along line X-X 
shown in Fig. 8 (a). In this embodiment, the first con- 
tainer 1 is disposed below the second container 2. 

Referring to the drawings, reference numeral 22 
represents a gas communication pipe for establishing 
the communication between the first container 1 and the 
second container 2 so that the upper space in the first 
container 1 and the upper space in the second con- 
tainer 2 are allowed to communicate with each other. 
Reference numeral 23 represents a cylinder, 23a repre- 
sents a lower end of the cylinder 23, and 23b represents 
an upper end 23b of the cylinder 23. The lower end 23a 
of the cylinder 23 is secured in such a manner that an 
appropriate gap is formed from the bottom portion of the 
first container 1. Reference numeral 24 represents a 
refrigerant suction pipe which establishes the communi- 
cation between the bottom portion of the second con- 
tainer 2 and the first container 1 . Reference numeral 
24a represents a lower end of the refrigerant suction 
pipe 24. Reference numeral 24b represents an upper 
end of the refrigerant suction pipe 24. The upper end 
24b of the refrigerant suction pipe 24 is disposed in the 
bottom portion of the second container 2. while the posi- 
tion of the lower end 24a of the refrigerant suction pipe 
24 is upper than the oil return pipe 6. That is. the posi- 
tion of the lower end 24a of the refrigerant suction pipe 
24 is made to be the height at which the liquid level is 
required to be maintained. Moreover, the upper end 23b 
of the cylinder 23 is made to be upper than the lower 
end 24a of the refrigerant suction pipe 24, while the 
lower end 23a of the cylinder 23 is made to be lower 
than the oil return pipe 6. 

The operation will now be described. Fig. 8 (a) 
shows a state in which refrigerating machine oil 1 1 and 
liquid refrigerant 10 exist in the first container 1. When 
the gas refrigerant 9 flows from the first container 1 into 
the second container 2 through the gas communication 
pipe 22, a pressure loss (pressure difference AP) takes 
place. That is. the pressure in the first container 1 is 
made to be higher than the pressure in the second con- 
tainer 2 by AP. Therefore, the liquid refrigerant 10 in the 
first container 1 is allowed to pass through the cylinder 
23 and the refrigerant suction pipe 24. and then pushed 
upwards into the second container 2. The cylinder 23 
has a function similar to that of the cylinder 1 7 according 
to the fourth embodiment Therefore, only the liquid 
refrigerant 10 is selectively allowed to pass through the 
gap formed by the lower end 23a of the cylinder 23. and 
then introduced into the second container 2. 

When the gas refrigerant 9 is not introduced from 
the suction pipe 3 in a case of interruption of the opera- 
tion of the refrigerating and air-conditioning circuit, the 
pressure difference AP is not generated. Therefore, the 
liquid refrigerant 10 and refrigerating machine oB 11 
accumulated in the second container 2 is allowed to 
pass through the refrigerant suction pipe 24. and then 
dropped into the first container 1 . 
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Fig. 9 shows a state in which the position of the 
upper end of the refrigerant suction pipe is different from 
that in the case shown in Fig. 8 (a). Referring to the 
drawing, reference numeral 25 represents a refrigerant 
suction pipe having an upper end 25a which is opened 5 
in the space in the second container 2. Since the pres- 
sure difference AP is generated also in the structure 
shown in Fig. 9 similarly to the structure shown in Fig. 8 
(a), only the liquid refrigerant 10 is selectively intro- 
duced into the second container 2 so that the liquid 10 
refrigerant 10 is moved to the second container 2 
regardless of the position of the upper end 25a of the 
refrigerant suction pipe 25. 

The difference in the structure from that shown in 
Fig. 8 (a) lies in the height of the upper end 25a of the is 
refrigerant suction pipe 25. Therefore, the difference in 
the function lies in that the liquid refrigerant 10 and 
refrigerating machine oil 1 1 accumulated in the second 
container 2 do not drop in the first container 1 even if the 
gas refrigerant 9 is not introduced from the suction pipe 20 
3 (when the operation of the apparatus is interrupted). 

As described above, this embodiment is able to 
make the liquid level in the first container 1 to be sub- 
stantially constant. Therefore, refrigerating machine oil 
1 1 can be made to exist adjacent to the height of the oil 25 
return pipe 6 and thus refrigerating machine oil 1 1 can 
selectively be returned to the compressor. Moreover, 
the liquid refrigerant 10 can be accumulated in the sec- 
ond container 2. 

A modification of this embodiment will now be 30 
described. Fig. 10 (a) is a vertical cross sectional view 
showing an accumulator according to this modification. 
Fig. 10 (b) is a cross sectional view taken along line X- 
X shown in Fig. 10 (a). As shown in Fig. 10, the modifi- 
cation is structured in such a manner that the first con- 35 
tainer 1 is disposed above the second container 2. 

Referring to the drawings, reference numeral 26 
represents a gas communication pipe for establishing 
the communication between the first container 1 and the 
second container 2. Thus, the upper space in the first 40 
container 1 and the upper space in the second con- 
tainer 2 are allowed to communicate with each other. 
Reference numeral 27 represents a cylinder and 27b 
represents a lower end of the cylinder 27. Reference 
numeral 27a represents an upper end of the cylinder 27. 4s 
The lower end 27b of the cylinder 27 is secured in such 
a manner that an appropriate gap is formed from the 
bottom portion of the first container 1. Reference 
numeral 28 represents a refrigerant return pipe and 28a 
represents an upper end of the refrigerant return pipe so 
28. Reference numeral 28b represents a lower end of 
the refrigerant return pipe 28. 

When the structure is arranged in such a manner 
that the position of the lower end 27b of the cylinder 27 
< the position of the oil return pipe 6 < the position of the 55 
upper end 28a of the refrigerant return pipe 28, the liq- 
uid level can be made to be constant at a position near 
the upper end 28a of the refrigerant return pipe 28 sim- 



ilarly to the structure shown in Fig. 8. Even if the liquid 
refrigerant 10 and refrigerating machine oil 1 1 are accu- 
mulated in the first container 1 , only the liquid refrigerant 
can selectively be discharged to the second container 2; 

This embodiment has the structure that refrigerat- 
ing machine oil having poor solubility with the refrigerant 
is used. If refrigerating machine oil having solubility with 
the refrigerant is used in the refrigerating and air-condi- 
tioning circuit, a structure from which the cylinder 23 
(shown in Figs. 8 and 9) and the cylinder 27 (shown in 
Fig. 1 0) are omitted attains a similar effect. 

Seventh Embodiment 

An accumulator according to a seventh embodi- 
ment and adaptable to a refrigerating and air-condition- 
ing circuit will now be described. This embodiment has 
a structure that the liquid level (the oil level) in the first 
container 1 is made to be constant. 

In this embodiment, the liquid level in the first con- 
tainer is made to be constant by a floating structure 
which comprises a liquid return hole formed in the side 
surface of a gas communication pipe and the liquid 
return hole is opened or dosed in synchronization with 
the liquid level in the first container. 

Fig. 1 1 is a vertical cross sectional view showing 
the accumulator according to this embodiment. Refer- 
ring to the drawing, reference numeral 29 represents a 
gas communication pipe for establishing the communi- 
cation between the upper space in the first container 1 
and the upper space in the second container (not 
shown). Reference numeral 29a represents a refriger- 
ant return hole formed in the side surface of the gas 
communication pipe 29. The refrigerant return hole 29a 
is formed at a position lower than the position of the oil 
return pipe 6. Reference numeral 30 represents a float 
manufactured by molding resin or metal having spaces 
so as to float on the liquid refrigerant 10 and refrigerat- 
ing machine oil 1 1 . That is, the float 30 may be made of 
a material having a specific gravity which is smaller than 
the specific gravity of refrigerating machine oil 11 
because the specific gravity of refrigerating machine oil 
11 is about 0.9. 

The float 30 floats on the liquid refrigerant 10 and 
refrigerating machine oil 11 in the first container 1 and 
moves in accordance with the liquid level. When, for 
example, only refrigerating machine oil 1 1 mixed with 
the gas refrigerant 9 is introduced into the first container 
1, the liquid level is low as shown in Fig. 11 (a). Thus, 
the refrigerant return hole 29a is closed. Therefore, 
even if refrigerating machine oil 1 1 is accumulated over 
the refrigerant return hole 29a. refrigerating machine oil 
1 1 is not introduced into the gas communication pipe 
29. 

When refrigerating machine oil 11 and the liquid 
refrigerant 10 mixed with the gas refrigerant 9 are intro- 
duced into the first container 1 as shown in Fig. 1 1 (b), 
existing refrigerating machine oil 1 1 and the liquid refrig- 
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erant 10 are separated from each other in the first con- 
tainer 1. In this case, the liquid level in the first container 
1 is made to be higher than that realized in the structure 
shown in Fig. 11 (a). As a result, the refrigerant return 
hole 29a is opened. Therefore, the liquid refrigerant 10 
accumulated over the refrigerant return hole 29a is 
introduced into the gas communication pipe 29. As a 
result of the above-mentioned operation, the liquid 
refrigerant 10 is selectively moved to the second con- 
tainer so that liquid refrigerant 10 is returned from the oil 
return pipe 6 to the compressor. 

The seventh embodiment is arranged to make the 
liquid level in the first container 1 to be constant and 
only the liquid refrigerant is selectively moved to the 
second container. The liquid refrigerant and refrigerat- 
ing machine oil are naturally separated from each other 
if the first container 1 is kept calmly. 

However, an actual operation state sometimes 
encounters a state in which the liquid refrigerant and 
refrigerating machine oil are not satisfactorily separated 
from each other. In this case, refrigerating machine oil is 
sometimes introduced into the second container though 
the flow rate is small. In an example case in which the 
refrigerating and air-conditioning circuit is operated for a 
long time, coexisting refrigerating machine oil and liquid 
refrigerant are sometimes accumulated. If refrigerating 
machine oil is accumulated in the second container, 
there is apprehension that the quantity of oil in the com- 
pressor is insufficient. Therefore, the above-mentioned 
state must be prevented in order to reliably operate the 
refrigerating and air-conditioning circuit. 

The eighth and ninth embodiments have the struc- 
ture comprising a moving means for returning liquids, 
such as refrigerating machine oil and the liquid refriger- 
ant accumulated in the second container to the first con- 
tainer 1 when the operation of the refrigerating and air- 
conditioning circuit is interrupted or when the gas refrig- 
erant 9 is not introduced. The foregoing structure will 
now be described. 

Eighth Embodiment 

An accumulator according to the eighth embodi- 
ment of the present invention and adapted to a refriger- 
ating and air-conditioning circuit will now be described. 
Fig. 12 (a) is a vertical cross sectional view showing the 
accumulator according to this embodiment. Fig. 12 (b) 
is a lateral cross sectional view. 

In this embodiment, a state is assumed in which 
opacified refrigerating machine oil and liquid refrigerant 
are introduced into the second container 2. Thus, refrig- 
erating machine oil mixed and introduced into the sec- 
ond container is returned to the first container. 
Therefore, the first container is disposed at a lower posi- 
tion and a communication pipe for establishing the com- 
munication between the upper portion in the first 
container and the lower portion in the second container 
is provided. 



Referring to the drawings, reference numeral 31 
represents a moving means for moving liquid accumu- 
lated in the second space, which is the second con- 
tainer 2 in this embodiment, to the first space which is 

5 the first container 1 in this embodiment. The moving 
means is. for example, a communication pipe which is 
composed of a communication means for establishing 
the connection between a position adjacent to the bot- 
tom portion of the second container 2. which is a liquid 

10 acx;umulation portion, and the upper portion of the first 
container 1. Reference numeral 10a represents liquid 
refrigerant and 11a represents refrigerating machine oil 
accumulated in the second container 2. In this embodi- 
ment, the second container 2 is disposed above the first 

is container 1. 

Fig. 12 shows a state realized during the operation. 
In this case, a pressure loss takes place in the gas pas- 
sage pipe 4, causing the pressure in the second con- 
tainer 2 to be lower than that in the first container 1 . The 

20 foregoing difference in the pressure prevents downward 
movement of the liquid refrigerant 10a and refrigerating 
machine oil 11a in the second container 2 to the first 
container 1 through the moving means 31. Thus, the 
gas refrigerant 9 flows upwards into the second con- 

25 tainer 2. As a result, the liquid refrigerant 10a and refrig- 
erating machine oil 11a are accumulated in the second 
container 2. 

When the operation of the refrigerating and air-con- 
ditioning circuit has been interrupted, the pressures in 

30 the first container 1 and the second container 2 are 
made to be the same. Thus, the liquid refrigerant 10a 
and refrigerating machine oil 11a accumulated in the 
second container 2 are dropped into the first container 1 
by dint of gravity. When the refrigerating and air-condi- 

35 tioning circuit has been operated, the liquid refrigerant 
10 moved to the first container 1 is allowed to pass 
through the communication pipe 8, and then introduced 
into the gas passage pipe 4. Then, the liquid refrigerant 
10 is moved to the second container 2. On the other 

40 hand, refrigerating machine oil 1 1 returned to the first 
container 1 flows from the oil return pipe 6 to the com- 
pressor. 

When the operation and interruption of the refriger- 
ating and air-conditioning circuit are repeated, refriger- 
45 ating machine oil 11a accumulated in the second 
container 2 by dint of the sequential operation can be 
recovered into the compressor through the first con- 
tainer 1 . 

Fig. 13 shows a state in which the position of the 
so upper end of the communication pipe which establishes 
the communication between the bottom portion in the 
second container 2 and the upper portion in the first 
container 1 is different from that in the structure shown 
in Fig. 12 (a). Referring to the drawing, reference 
55 numeral 31a represents a communication pipe having 
an upper end opened in the gas space in the second 
container 2. Moreover, a communication hole 32b is 
formed in the liquid accumulation portion in the lower 
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portion in the second container 2. 

In the above-mentioned structure, the difference in 
the pressure takes place in a state shown in Fig. 1 3 sim- 
ilarly to the state shown in Fig. 12 (a) during the opera- 
tion of the apparatus. Therefore, the gas refrigerant 9 is 5 
introduced into the upper portion in the second con- 
tainer 2. On the other hand, refrigerating machine oil 
1 la is not moved downwards into the first container 1. 
After the refrigerating and air-conditioning circuit has 
been interrupted, the liquid refrigerant 10a and refriger- w 
ating machine oil 1 la allowed to pass through the com- 
munication hole 31b and accumulated in the second 
container 2 are moved downwards into the first con- 
tainer 1. 
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That is, the gas refrigerant 9 can be moved to the 
gas space in the second container 2 during the opera- 
tion. After the operation of the apparatus has been inter- 20 
rupted. the liquid refrigerant 10a and refrigerating 
machine oil 1 1a accumulated in the second container 2 
can be returned to the first container 1 through the com- 
munication hole 31b. 



Ninth Embodiment 
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The structure of an accumulator according to a 
ninth embodiment of the present invention and adapta- 
ble to a refrigerating and air-conditioning circuit will now 30 
be described. Fig. 14 is a vertical cross sectional view 
showing the accumulator according to this embodiment. 
Fig. 14 shows a state in which the refrigerating and air- 
conditioning circuit is operated. 

Referring to the drawing, reference numeral 32 rep- 35 
resents a communication pipe serving as both of a liq- 
uid communication means and a gas communication 
means, the communication pipe 32 being a gas commu- 
nication pipe in this embodiment. Reference numeral 33 
represents a communication means for establishing the 40 
communication between the liquid accumulation portion 
in the second container 2 and an intermediate position 
of the communication pipe 32, the communication 
means 33 being a communication pipe. Also this 
embodiment has the structure that the second container 45 
2 is disposed above the first container 1 . Moreover, the 
communication pipe 33 and the gas communication 
pipe 32 establish the communication between the liquid 
accumulation portion in the second container 2 and the 
first container 1. so 

- In this embodiment, an assumption is made that 
refrigerating machine oil and the liquid refrigerant are 
opacified and introduced into the second container. 
Thus, refrigerating machine oil mixed and introduced 
into the second container is returned to the first con- 55 
tainer. A liquid return hole is formed in the side surface 
of the gas communication pipe connected to the second 
container. Moreover, the liquid return hole and the lower 



portion of the second container are allowed to commu- 
nicate with each other. 

The operation will now be described. The pressure 
in the accumulator which is realized during the opera- 
tion will now be described. An assumption is made that 
the pressure in the first container 1 is PI, the pressure 
in the second container 2 is P2 and the pressure in the 
gas communication pipe 32 is P3. Since a pressure loss 
takes place because a gas flows, the pressures have 
the relationships satisfying P1 > P3 > P2. Therefore, liq- 
uid refrigerant 10 and refrigerating machine oil 11 are 
mixed with the gas refrigerant and allowed to flow from 
the first container 1 to the gas communication pipe 32 
during the operation to follow the flow of the gas refrig- 
erant. Then, they are allowed to pass through an 
opened end of the gas communication pipe 32 or the 
communication pipe 33. and then introduced into the 
second container 2. Thus, the liquid refrigerant 10a and 
refrigerating machine oil 1 1a are, together with the gas 
refrigerant, accumulated in the second container 2. 

In a state of interruption of the operation, gravity 
causes the liquid refrigerant 10a and refrigerating 
machine oil 11a accumulated in the second container 2 
to flow through the communication pipe 33 and the gas 
communication pipe 32, and then moved to the first con- 
tainer 1. Since the first container 1 remains at rest, the 
liquid refrigerant 10 and refrigerating machine oil 1 1 are 
naturally separated from each other in the lower portion 
of the first container 1 . 

When the operation has been restarted, refrigerat- 
ing machine oil 1 1 in the first container 1 is returned to 
the compressor through the oil return pipe Thus, the liq- 
uid refrigerant 10 is, together with the gas refrigerant 9, 
moved to the second container 2. 

As a result of the above-mentioned operation, 
refrigerating machine oil accumulated in the second 
container 2 can be recovered into the compressor. 

The eighth and ninth embodiments are structured 
on the assumption that refrigerating machine oil 1 1a in 
a small quantity is introduced into the second container 
2 during the operation of the refrigerating and air-condi- 
tioning circuit Thus, the moving means is provided 
which returns refrigerating machine oil 11a accumu- 
lated in the second container 2 to the first container 1 
when the operation of the refrigerating and air-condi- 
tioning circuit is interrupted. 

Each of tenth, eleventh and twelfth embodiments 
has a moving means which is capable of returning 
refrigerating machine oil 1 1 a accumulated in the second 
container 2 to the first container 1 without a necessity of 
interrupting the refrigerating and air-conditioning circuit, 
that is, even during the operation of the refrigerating and 
air-conditioning circuit. 

Tenth Embodiment 

An accumulator according to a tenth embodiment of 
the present invention will now be described. Also this 
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embodiment is structured on the assumption that refrig- 
erating machine oil and the liquid refrigerant are opaci- 
fied and introduced into the second container. Thus, 
refrigerating machine oil mixed and introduced into the 
second container is returned to the first container. The 
first container is disposed below the second container. 
Moreover, an intermediate container is disposed 
between the first container and the second container. 
The first container and the intermediate container are 
connected to each other by an opening/closing valve in 
such a manner that opening and closing are permitted. 
Furthermore, the second container and the intermedi- 
ate container are connected to each other by an open- 
ing/closing valve in such a manner that opening and 
closing are permitted. Fig. 15 is a vertical cross sec- 
tional view showing the accumulator according to this 
embodiment. The foregoing drawing shows a state 
which is realized during the operation of the refrigerat- 
ing and air-conditioning circuit 

Referring to the drawing, reference numeral 34 rep- 
resents a third space which is an intermediate container 
formed in an intermediate portion between the first con- 
tainer 1 which is the first space and the second con- 
tainer 2 which is the second space. Reference numerals 
35 and 36 represent first and second opening/closing 
valves. Reference numerals 37a. 37b. 37c and 37d rep- 
resent communication pipes which establish the con- 
nection between the upper portion in the first container 
1 and the bottom portion in the second container 2 
through the intermediate container 34. The communica- 
tion pipes 37a and 37b between the intermediate con- 
tainer 34 and the second container 2 are opened/closed 
by the first opening/closing valve 35. The communica- 
tion pipes 37c and 37d between the intermediate con- 
tainer 34 and the first container 1 are opened/closed by 
the second opening/closing valve 36. 

The operation will now be described. This embodi- 
ment has a structure that the first and second open- 
ing/closing valves 35 and 36 are alternately 
opened/dosed during the operation of the refrigerating 
and air-conditioning circuit so that the liquid refrigerant 
10a and refrigerating machine oil 11a accumulated in 
the second container 2 are returned to the inside por- 
tion of the first container 1 . 

During the operation of the refrigerating and air- 
conditioning circuit, the relationship P1 > P2 is satisfied 
when both of the first and second opening/closing 
valves 35 and 36 are opened. Therefore, liquid refriger- 
ant 10a and refrigerating machine oil 1 1b accumulated 
in the second container 2 cannot be returned to the 
inside portion of the first container 1. When the first 
opening/closing valve 35 has been opened to close the 
second opening/dosing valve 36 as shown in Fig. 16 
(a), the pressure in the intermediate container 34 and 
that in the second container 2 are made to be the same. 
As a result, the liquid refrigerant 10a and refrigerating 
machine oil 1 1 a are moved from the second container 2 
to the intermediate container 34 by dint of gravity. 



Then, the first opening/closing valve 35 is dosed 
and the second opening/dosing valve 36 is opened as 
shown in Fig. 16 (b) so that the pressure in the interme- 
diate container 34 and that in the first container 1 are 
5 made to be the same. Thus, the liquid refrigerant 10a 
and refrigerating machine oil 11a accumulated in the 
cylinder 134 are moved from the intermediate container 
34 to the first container 1 by dint of gravity. 

The above-mentioned operation is repeated so that 
10 the liquid refrigerant 10a and refrigerating machine oil 
11a accumulated in the second container 2 are returned 
to the inside portion of the first container 1 even during 
the operation of the refrigerating and air-conditioning 
drcuit. In some cases an appropriate means for control- 
15 ling opening/dosing may be employed to detect the liq- 
uid level in the second container 2 so as to control 
opening/dosing of the first and second opening/closing 
valves 35 and 36 in accordance with the disposed liquid 
level. As an alternative to this, opening and closing of 
20 the first and second opening/dosing valves 35 and 36 
are controlled. Thus, opening/dosing of the first and 
second opening/closing valves 35 and 36 are control- 
led. 

25 Eleventh Embodiment 

The structure of an accumulator according to an 
eleventh embodiment of the present invention and 
adaptable to the refrigerating and air-conditioning circuit 

30 will now be described. In this embodiment an assump- 
tion is made that refrigerating machine oil and the liquid 
refrigerant are opacified and introduced into the second 
container. Thus, refrigerating machine oil mixed in the 
second container is returned to the first container. The 

35 structure according to this embodiment is formed in 
such a manner that a plurality of communication pipes 
each projecting over the inner wall of the suction pipe 
connected to the first container are allowed to commu- 
nicate with the second container. Fig. 17 is a vertical 

40 cross sectional view showing the accumulator accord- 
ing to this embodiment in such a manner that a portion 
is enlarged so as to be illustrated simultaneously. 

Referring to the drawing, reference numeral 38 rep- 
resents an introducing means for introdudng the gas 

45 refrigerant, refrigerating machine oil and the liquid 
refrigerant which circulate in the refrigerating and air- 
conditioning circuit into the first container 1, the intro- 
ducing means being, for example, a sudion pipe Refer- 
ence numeral 39 represents a connection means for 

so establishing the communication between the introduc- 
ing means 38 and the liquid accumulation portion in the 
second container 2, the connection means being, for 
example, an oil recovery pipe. Plural (for example, 
three) oil recovery pipes are provided. A highest oil 

55 recovery pipe 39a among the plural oil recovery pipes 
39 is disposed adjacent to the highest level of liquid 
which is accumulated in the second container 2. In 
order to recover refrigerating machine oil 11a into the 
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first container 1 even if the liquid level exists at any posi- 
tion in the second container 2. plural, which is two in this 
embodiment, oil recovery pipes 39b and 39c are dis- 
posed away from each other in the vertical direction. An 
end of the oil recovery pipes 39 adjacent to the introduc- 
ing means 38 is. as illustrated in an enlarged manner, 
allowed to inwards project over the inner surface of the 
introducing means 38 by about several millimeters. On 
the other hand, another end of the oil recovery pipes 39 
is connected to the lower portion of the second con- 
tainer 2. 

The operation will now be described. The pressure 
at the leading end of the oil recovery pipes 39 projecting 
toward the inner portion of the oil recovery pipes 39 is 
made to be lower than the static pressure in the oil 
recovery pipes 39 because of an influence of the flow of 
the fluid which is introduced from the refrigerating and 
air-conditioning circuit into the first container 1. As a 
result, the pressure at the leading end of the oil recovery 
pipes 39 is made to be P4. Assuming that the pressure 
in the first container 1 is P1 and that in the second con- 
tainer 2 is P2, the relationship P1 > P2 is satisfied dur- 
ing the operation. Therefore, the relationship P4 < P2 
must be satisfied to cause refrigerating machine oil 1 1 a 
and the liquid refrigerant 10a accumulated in the sec- 
ond container 2 to flow into the introducing means 38. 
Therefore, the oil recovery pipes 39 is caused to project 
into the introducing means 38 by an appropriate length. 
Thus, a so-called ejector effect is used so that a state 
P4 < P2 is realized. 

Since the relationship P4 < P2 is realized in the 
refrigerating and air-conditioning circuit, refrigerating 
machine oil 1 1a introduced into the second container 2 
is. together with the liquid refrigerant 10a. introduced 
into the introducing means 38, and then moved to the 
first container 1. Since the second container 2 is dis- 
posed above the first container 1, the liquid refrigerant 
10a and refrigerating machine oil 11a in the second 
container 2 are allowed to pass through the oil recovery 
pipes 39 attributable to gravity when the operation of the 
refrigerating and air-conditioning circuit is interrupted. 
Then, the liquid refrigerant 10a and refrigerating 
machine oil 1 1 a are moved to the first container 1 . 

As described above, the structures of the gas pas- 
sage pipe 4, the air-duct pipe 7 and the communication 
pipe 8 mainly cause the liquid refrigerant 10 to selec- 
tively be moved to the second container 2. Even if 
unsatisfactory movement results in refrigerating 
machine oil being mixed with the liquid refrigerant and 
refrigerating machine oil is introduced into the second 
container 2. this embodiment enables refrigerating 
machine oil 1 1a introduced into the second container 2 
to be recovered in the first container 1 . Then, refrigerat- 
ing machine oil 11a is recovered into the compressor 
through the oil return pipe 6. Therefore, a required i 
quantity can be maintained without reduction in the flow 
rate of liquid refrigerant 10 to the compressor. As a 
result reliability of the refrigerator and that of the refrig- 



erating and air-conditioning circuit can be improved. 

Twelfth Embodiment 

s The structure of an accumulator according to a 

twelfth embodiment of the present invention and adapt- 
able to a refrigerating and air-conditioning circuit will 
now be described. In this embodiment, an assumption 
is made that refrigerating machine oil and the liquid 
10 refrigerant are opacified and introduced into the second 
container. Thus, refrigerating machine oil mixed and 
introduced into the second container is recovered into 
the first container. A pipe having a plurality of holes is 
disposed in the second container. Moreover, the lower 
15 end portion of the pipe is allowed to project over the 
inner wall of the suction pipe which is connected to the 
first container. Fig. 18 is a vertical cross sectional view 
showing the accumulator according to this embodiment 
in such a manner that a portion is enlarged. 
20 Referring to the drawing, reference numeral 40 rep- 
resents an introducing means which is, for example, a 
suction pipe. Reference numeral 41 represents a liquid 
recovery means which is, for example, an oil recover 
pipe in the form of a hollow cylinder arranged in such a 
25 manner as to be immersed in the liquid accumulation 
portion in the second container 2. A plurality of oil recov- 
ery holes 41 a are vertically formed in the side surface of 
the oil recovery pipe 41. The highest position of the oil 
recovery hole 41a is made to be adjacent to a highest 
30 position of the level of the liquid which is accumulated in 
the second container 2. To recover refrigerating 
machine oil 1 1a into the first container 1 even if the liq- 
uid level exists at an arbitrary position, plural oil recov- 
ery holes 41a are formed in the vertical direction. 
35 Reference numeral 42 represents a connection means 
for establishing the communication between the lower 
end portion of the oil recovery pipe 41 and the suction 
pipe 40, the connection means being, for example, an 
oil recovery pipe. An end of the oil recovery pipe 42 
40 adjacent to the suction pipe 40 is allowed to inwards 
project over the inner wall of the suction pipe 40 by, for 
example, about several millimeter. 

The operation will now be described. Even if the 
level of refrigerating machine oil 1 1 a accumulated in the 
45 second container 2 is at an arbitrary position, refrigerat- 
ing machine oil 11a is introduced into the oil recovery 
pipe 41 through the oil recovery hole 41a formed at the 
oil level. On the other hand, refrigerating machine oil 
11a is introduced into the oil recovery pipe 41 through 
so the oil recovery hole 41a facing the liquid refrigerant 
10a. The ejector effect is exerted on the end of the oil 
recovery pipe 42 adjacent to the suction pipe 40 
because of the gas refrigerant 9 which flows in the suc- 
tion pipe 40. Thus, the pressure is made to be lower 
w than the surrounding static pressure. Assuming that the 
pressure at the leading end of the oil recovery ppe 42 in 
the suction pipe 40 is P5. a state satisfying P5 < P2 is 
realized. As a result, refrigerating machine oil 11a and 
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the liquid refrigerant 10a introduced into the oil recovery 
pipe 41 are sucked into the suction pipe 40, and then 
recovered into the first container 1 together with the gas 
refrigerant. As described above, refrigerating machine 
oil 11a introduced into the second container 2 during 
the operation can be recovered into the first container 1 . 

During the interruption of the refrigerating and air- 
conditioning circuit, the liquid refrigerant 10a and refrig- 
erating machine oil 11a in the second container 2 are, 
by gravity, allowed to pass through the oil recovery pipe 
41 and moved to the first container 1. 

As a result of the above-mentioned operation per- 
formed by the structure according to this embodiment, 
refrigerating machine oil 1 1 a introduced into the second 
container 2 can be recovered into the first container 1 
even if an insufficient operation for selectively moving 
the liquid refrigerant 10 to the second container 2 
causes refrigerating machine oil 1 1 to be mixed with the 
liquid refrigerant 10a and thus refrigerating machine oil 
11a is introduced into the second container 2. Recov- 
ered liquid refrigerant 10 is allowed to pass through the 
oil return pipe 6 so as to be recovered into the compres- 
sor. Therefore, a required quantity can be maintained 
without reduction in the flow rate of refrigerating 
machine oil to the compressor. As a result, the reliability 
of the compressor and that of the refrigerating and air- 
conditioning circuit can be improved. 

Thirteenth Embodiment 

The structure of an accumulator according to a thir- 
teenth embodiment and adaptable to the refrigerating 
and air-conditioning circuit will now be descrtoed. Also 
this embodiment is structured on the assumption that 
refrigerating machine oil and liquid refrigerant are opac- 
ified and introduced into the second container. Thus, 
refrigerating machine oil mixed and introduced into the 
second container is returned to the first container. A plu- 
rality of communication pipes arranged to project over 
the inner wall of the suction pipe connected to the first 
container are allowed to communicate with the second 
container. Fig. 19 is a vertical cross sectional view 
showing the accumulator according to this embodiment 
in such a manner that a portion is enlarged. This 
embodiment is a modification of the structure of the 
eleventh embodiment. That is, the structure according 
to the eleventh embodiment is applied to the structure 
according to the second embodiment The first con- 
tainer 1 is disposed above the second container 2. 

Referring to the drawing, reference numeral 43 rep- 
resents a suction pipe, and reference numerals 44a, 
44b and 44c represent oil recovery pipes. The highest 
position (the position of the oil recovery pipe 44c) is 
made to be adjacent to the highest level of liquid which 
is accumulated in the second container 2. To enable 
refrigerating machine oil 11a to be recovered into the 
second container 2 even if the liquid level is at any posi- 
tion, plural (which is two in this embodiment) oil recov- 



ery pipes 44b and 44c are disposed in the vertical 
direction. Ends of the oil recovery pipes 44a, 44b and 
44c project over the inner surface of the suction pipe 43 
as illustrated in an enlarged manner, while other ends 

5 are connected to the lower portion of the second con- 
tainer 2. Since the operation of this embodiment is the 
same as that according to the eleventh embodiment the 
operation is omitted from description. 

Also the above-mentioned structure is able to 

10 recover refrigerating machine oil 1 1 a introduced into the 
second container 2 into the first container 1 even rf the 
incomplete operation for selectively moving the liquid 
refrigerant 10 to the second container 2 causes refriger- 
ating machine oil 1 1 to be mixed with the liquid refriger- 

15 ant 10a and causes refrigerating machine oil 11a to be 
introduced into the second container 2. Moreover, 
recovered liquid refrigerant 10 is recovered into the 
compressor through the oil return pipe 6. Therefore, a 
reliable refrigerating and air-conditioning circuit can be 

20 obtained without reduction in the flow rate of refrigerat- 
ing machine oil to the compressor. 

An object of each of the fourteenth and fifteenth 
embodiments is to prevent disorder of the liquid refriger- 
ant and refrigerating machine oil in the first container 1 

25 and the second container 2 by the flow of the gas refrig- 
erant 9 in the container so as to efficiently perform the 
gas-liquid separation and separation of refrigerating 
machine oil and the liquid refrigerant from each other. 

30 Fourteenth Embodiment 

The structure of an accumulator according to a 
fourteenth embodiment of the present invention and 
adaptable to the refrigerating and air-conditioning circuit 

35 will now be described. Fig. 20 is a vertical cross sec- 
tional view showing the accumulator according to this 
embodiment. The structure is arranged in order to stabi- 
lize the liquid level (the oil level) in the first container 1 
and to stabilize the boundary surface between refriger- 

40 ating machine oil 1 1 and the liquid refrigerant 10. 

Referring to the drawing, reference numeral 45 rep- 
resents a liquid-level stabilizing plate disposed adjacent 
to the boundary surface between refrigerating machine 
oil 1 1 and the liquid refrigerant 10 in a state in which the 

45 liquid refrigerant 1 0 is accumulated in the first container 
1 . Reference numeral 46 represents a rectifying plate 
secured above the oil level (the liquid level). The liquid- 
level stabilizing plate 45 and the rectifying plate 46 form 
a liquid-level stabilizing means for stabilizing the liquid 

so level in the first container 1 . For example, a wire netting 
(a mesh), foam metal or sintered metal having satisfac- 
tory liquid and gas permeability must be selected. 

The gas refrigerant 9, the liquid refrigerant 10 and 
refrigerating machine oil 11 are introduced into the first 

55 container 1 through the suction pipe 3. When the liquid 
refrigerant 10 and refrigerating machine oil 11 are 
allowed to pass through the rectifying plate 46, energy 
of the liquid refrigerant 10 and refrigerating machine oil 
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1 1 is reduced. Thus, the liquid refrigerant 10 and refrig- 
erating machine oil 1 1 calmly drop to the liquid level 
accumulated in the first container 1. On the other hand, 
the direction of the flow of the gas refrigerant 9 is 
changed by the rectifying plate 46. Therefore, the gas s 
refrigerant 9 cannot easily flow to the lower portion in 
the first container 1. Thus, the gas refrigerant 9 easily 
flows to the gas passage pipe 4 and the air-duct pipe 7. 

To improve the performance of the accumulator, the 
gas-liquid separation efficiency must be improved to 10 
stably maintain liquid refrigerant 10 in the first container 
1 and to efficiently separate the liquid refrigerant 10 and 
refrigerating machine oil 1 1 into two layers. To improve 
the gas-liquid separation efficiency, a state in which the 
liquid level (the oil level) in the first container 1 is not dis- 15 
ordered must be realized. To efficiently separate the liq- 
uid refrigerant 10 and refrigerating machine oil 11 into 
two layers by dint of the difference in the specific gravity, 
the portion adjacent to the boundary surface between 
refrigerating machine oil 1 1 and the liquid refrigerant 1 0 so 
must calmly kept as much as possible. Therefore, direct 
impingement of the gas refrigerant with the oil level is 
prevented and penetration of the gas refrigerant is per- 
mitted by employing the rectifying plate 46 for changing 
the direction of the flow and the liquid-level stabilizing 25 
plate 45 having the wire netting structure or the foam 
metal structure. 

Dropped liquid is quickly separated into refrigerat- 
ing machine oil 11 having low specific gravity and the 
liquid refrigerant 10 having a high specific gravity 30 
because of the existence of the liquid-level stabilizing 
plate 45. Thus, the boundary surface can be stabilized. 
Even if the liquid level has disturbance, the liquid-level 
stabilizing plate 45 is able to somewhat absorb the dis- 
turbance. As a result, the boundary surface and the liq- 35 
uid level can be stabilized, 

This embodiment has a structure that the first con- 
tainer 1 has a cylindrical shape and the suction pipe 3 
introduces the fluid along the inner surface of the cylin- 
der. Therefore, the fluid is dropped while the energy of 40 
the fluid is reduced during the flow along the inner sur- 
face of the cylinder. As a result the rectifying plate 46 
and the liquid-level stabilizing plate 45 effectively form a 
smooth flow. 

Although this embodiment has the structure that 45 
both of the liquid-level stabilizing plate 45 and the recti- 
fying plate 46 are provided for the first container 1 , the 
effect of improving the gas-liquid separation efficiency 
can be obtained from a structure in which either of the 
elements is provided. 50 

Fifteenth Embodiment 

The structure of an accumulator according to a fif- 
teenth embodiment of the present invention and adapt- ss 
able to the refrigerating and air-conditioning circuit will 
now be descrtoed. Fig. 21 is a vertical cross sectional 
view showing the accumulator according to this embod- 



iment in such a manner that a structure for stabilizing 
the oil level (the liquid level) in the second container 2 is 
illustrated. 

Referring to the drawing, reference numeral 47 rep- 
resents a rectifying plate disposed above the oil lever 
(the liquid level) in the second container 2 and lower 
than the position of the opening of the gas passage pipe 
4. Thus, direct collision of the gas refrigerant 9 intro- 
duced through the gas passage pipe 4 with the surface 
of refrigerating machine oil 1 1a and the liquid refrigerant 
10a can be prevented. The rectifying plate 47 is made of 
a material having satisfactory liquid and gas permeabil- 
ity, for example, a wire netting (mesh) structure, foam 
metal or sintered metal. 

The gas refrigerant 9, the liquid refrigerant 10a and 
refrigerating machine oil 11a are introduced into the 
second container 2 through the gas passage pipe 4. At 
this time, the liquid refrigerant 10a and refrigerating 
machine oil 1 1 are accumulated in the second container 
2, while the gas refrigerant is discharged from the dis- 
charge pipe 5 to the refrigerating and air-conditioning 
circuit. When the rectifying plate 47 having the structure 
illustrated above is provided in the second container 2, 
direct collision of the gas refrigerant with the surface of 
the accumulated liquid can be prevented. Thus, the gas 
refrigerant smoothly flows to the discharge pipe 5. 

The first to thirteenth embodiments have the struc- 
ture formed by two containers which are the first con- 
tainer 1 and the second container 2 to attain an effect of 
separating refrigerating machine oil and the liquid refrig- 
erant from each other so as to efficiently return refriger- 
ating machine oil to the compressor. Sixteenth to 
twenty-third embodiments have a structure that a parti- 
tion plate is provided in one container to form two 
spaces (first and second spaces). In this case, a similar 
effect can be obtained because of a similar operation to 
that of the first and second containers according to the 
first to thirteenth embodiments. Moreover, the structure 
can be simplified and the size of the apparatus can be 
reduced. 

Sixteenth Embodiment 

The sixteenth embodiment has a structure that the 
accumulator having the structure according to the sec- 
ond embodiment is formed by one container. The accu- 
mulator according to this embodiment will now be 
described. Fig. 22 (a) is a vertical cross sectional view 
showing the accumulator according to this embodiment. 
Fig. 22 (b) is a cross sectional view taken along line X- 
X shown in Fig. 22 (a). 

Referring to the drawings, reference numeral 60 
represents an accumulator container and 61 represents 
a partition plate for vertically partitioning the inside por- 
tion of the accumulator container 60. Reference 
numeral 62 represents a first space. 63 represents a 
second space, 64 represents a suction pipe, 65 repre- 
sents a gas communication pipe. 66 represents a air- 
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duct pipe, 67 represents a communication pipe. 68 rep- 
resents a discharge pipe and 69 represents an oil return 
pipe corresponding to the oil return pipe. 

In this embodiment the first container 1 according 
to the second embodiment corresponds to the first 
space 62 and the second container 2 corresponds to 
the second space 63. The same or corresponding ele- 
ments are given the same names and have similar func- 
tions. Although the structure is omitted in the second 
embodiment, the discharge pipe 5 is usually connected 
from the second container 2 to the compressor and also 
the oil return pipe 6 is connected to the compressor 
from the second container 2. In this embodiment, the oil 
return pipe 69 and the discharge pipe 68 are allowed to 
communicate with each other in the accumulator con- 
tainer 60. Moreover, the discharge pipe 68 for discharg- 
ing the gas refrigerant and refrigerating machine oil is 
connected to the compressor. 

The height hi from the bottom surface in the first 
space 62 to the oil return pipe 69, the height h2 from the 
bottom surface in the first space 62 to the communica- 
tion pipe 67 and the height h3 from the bottom surface 
in the first space 62 to the lower end of the air-duct pipe 
66 satisfy the relationship h3 < hi < h2. The upper end 
of the air-duct pipe 66 is opened at substantially the 
same position of the upper end of the gas communica- 
tion pipe 65. 

When the liquid level (the oil level) in the first space 
62 is in a range from h3 to h2, the gas refrigerant is 
introduced into the gas communication pipe 65 from the 
air-duct pipe 66 through the communication pipe 67. At 
this time, the liquid refrigerant is introduced into the 
lower end portion of the air-duct pipe 66 by a quantity 
corresponding to the liquid level. When the liquid level 
(the oil level) is raised to be not lower than h2, the liquid 
refrigerant is introduced from the air-duct pipe 66 into 
the gas communication pipe 65 through the communi- 
cation pipe 67. The liquid refrigerant is moved to the 
second space 63 formed in the lower position because 
of gravity drop and f tow of the internal gas so as to be 
accumulated in the bottom portion in the second space 
63. Thus, the liquid level in the first space 62 is lowered. 
As described above, the substantially constant liquid 
level (the oil level) h2 is maintained in the first space 62. 
An excessive portion of the liquid refrigerant is accumu- 
lated in the second space 63. Thus, in a case where 
refrigerating machine oil having poor solubility with the 
liquid refrigerant is employed in the refrigerating and air- 
conditioning circuit, the flow rate of refrigerating 
machine oil which flows from the oil return pipe 69 into 
the compressor through the discharge pipe 68 can be 
made to be constant, as shown in Fig. 2. As a result, a 
required quantity can be maintained without reduction in 
the f tow rate of refrigerating machine oil to the compres- 
sor. Thus, the reliability of the compressor and that of 
the refrigerating and air-conditioning circuit can be 
improved. 

Since the suction pipe 64 and the discharge pipe 64 



are connected to the accumulator container 60. an 
accumulator having a simple appearance can be 
obtained. 

5 Seventeenth Embodiment 

A seventeenth embodiment is a modification of the 
sixteenth embodiment in such a manner that the first 
space and the second space are formed horizontally. An 
w accumulator according to this embodiment will now be 
described. 

Fig. 23 (a) is a vertical cross sectional view showing 
an accumulator according to this embodiment. Fig. 23 
(b) is a cross sectional view taken along line X-X shown 

15 in Fig. 23 (a). Referring to the drawing, reference 
numeral 70 represents an accumulator container and 
71 represents a partition plate for partitioning the inside 
portion of the accumulator container 70. Reference 
numeral 72 represents a first space, 73 represents a 

20 second space, 74 represents a suction pipe. 75 repre- 
sents a gas communication pipe, 76 represents an air- 
duct pipe, 77 represents a communication pipe, 78 rep- 
resents a discharge pipe and 79 represents an oil return 
pipe. 

25 The height hi from the bottom surface in the first 
space 72 to the oil return pipe 79. the height h2 from the 
bottom surface in the first space 72 to the communica- 
tion pipe 77 and the height h3 from the bottom surface 
in the first space 72 to the lower end of the air-duct pipe 

30 76 satisfy the relationship h3 < hi < h2. The upper end 
of the air-duct pipe 76 is opened at substantially the 
same position as the upper end position of the gas com- 
munication pipe 75. 

When the liquid level (the oil level) in the first space 

35 72 is in a range from h3 to h2, the gas refrigerant is 
introduced from the air-duct pipe 76 into the gas com- 
munication pipe 75 through the communication pipe 77. 
At this time, the liquid refrigerant has been introduced 
into the lower end portion of the air-duct pipe 76 by a 

40 quantity corresponding to the liquid level. When the liq- 
uid level (the oil level) is made to be not smaller than h2, 
the liquid refrigerant is introduced from the air-duct pipe 
76 into the gas communication pipe 75 through the 
communication pipe 77. The liquid refrigerant is moved 

45 to the second space 73 as the internal gas is moved so 
that the liquid refrigerant is accumulated in the bottom 
portion in the second space 73. As a result the liquid 
level in the first space 72 is lowered. As a result, the 
substantially constant liquid level (the oil level) of h2 can 

so be maintained in the first space 72. Thus, an excessive 
portion of the liquid refrigerant is accumulated in the 
second space 73. When refrigerating machine oil hav- 
ing poor solubility with the liquid refrigerant is used in 
the refrigerating and air-conditioning circuit as shown in 

55 Fig. 2. the flow rate of refrigerating machine oil which 
flows from the oil return pipe 79 to the compressor can 
be made to be constant Thus, a required quantity can 
be maintained without reduction in the flow rate of refrig- 
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erating machine oil to the compressor. As a result, the 
reliability of the compressor and that of the refrigerating 
and air-conditioning circuit can be improved. 

Since the suction pipe 74, the discharge pipe 78 
and the oil return pipe 79 are connected to the accumu- s 
lator container 70, an accumulator having a simple 
appearance can be obtained. 

Eighteenth Embodiment 

u 

An eighteenth embodiment has a structure that the 
structure according to the sixth embodiment is realized 
by one container and the first space is formed at the 
side of the second space. The accumulator according to 
this embodiment will now be described. 75 

Fig. 24 is a vertical cross sectional view showing 
the accumulator according to this embodiment Fig. 24 
(a) shows the overall body of the accumulator, and Fig. 
24 (b) is an partially enlarged view. Referring to the 
drawings, reference numeral 80 represents an accumu- 20 
lator container and 81 represents a partition plate for 
partitioning the inside portion of the accumulator con- 
tainer 80. Reference numeral 81a represents a gas 
communication hole formed in the partition plate, 82 
represents a first space, 83 represents a second space, 25 
84 represents a suction pipe, 85 represents a separa- 
tion plate, 86 represents a refrigerant suction pipe. 87 
represents a discharge pipe and 88 represents an oil 
return pipe. Moreover, a gap is formed between each of 
the lower ends of the separation plate 85 and the refrig- 30 
erant suction pipe 86 and the bottom surface in the first 
space 82. The first container 1 according to the sixth 
embodiment corresponds to the first space 82, the sec- 
ond container 2 corresponds to the second space 83, 
the gas communication pipe 22 corresponds to the gas 35 
communication hole 81a. the cylinder 23 corresponds to 
the separation plate 85 and the refrigerant suction pipe 
24 corresponds to the refrigerant suction pipe 86. 

The height hi from the bottom surface in the first 
space 82 to the oil return pipe 88. the height h2 from the 40 
bottom surface in the first space 82 to the refrigerant 
suction pipe 86 and the height h3 from the bottom sur- 
face in the first space 82 to the lower end of the separa- 
tion plate 85 satisfy the relationship h3 < hi < h2. 

During the operation of the refrigerating and air- 45 
conditioning circuit, the gas refrigerant flows from the 
first space 82 to the second space 83 through the gas 
communication hole 81a. Therefore, a pressure loss 
takes place. That is, the pressure in the first space 82 is 
higher than that in the second space 83. When the liquid so 
level (the oil level) in the first space 82 is in a range from 
h3 to h2, the gas refrigerant is introduced into the refrig- 
erant suction pipe 86. Thus, the pressure difference 
causes the gas refrigerant to be pushed upwards in the 
refrigerant suction pipe 86. At this timed the liquid refrig- 55 
erant has been introduced from the lower end of the 
separation plate 85 to the portion in which the refriger- 
ant suction pipe 86 is disposed by a quantity corre- 
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sponding to the liquid level. When the liquid level (the oil 
level) has been made to be not lower than h2, the liquid 
refrigerant is introduced into the refrigerant suction pipe 
86 so as to be pushed upwards in the refrigerant suction 
pipe 86 because of the difference in the pressure. 
Therefore, the liquid refrigerant 10 in the first space 82 
is moved to the second space 83. and accumulated in 
the bottom portion in the second space 83. As a result, 
the liquid level in the first space 82 is lowered. 

As described above, the substantially constant liq- 
uid level (the oil level) of h2 can be maintained in the first 
space 82. Thus, an excessive portion of the liquid refrig- 
erant is accumulated in the second space 83. When 
refrigerating machine oil having poor solubility with the 
liquid refrigerant is used in the refrigerating and air-con- 
ditioning circuit as described with reference to Fig. 2. 
the flow rate of refrigerating machine oil which flows 
from the oil return pipe 88 to the compressor can be 
made to be constant. As a result, a required quantity 
can be maintained without reduction in the flow rate of 
refrigerating machine oil to the compressor. Thus, the 
reliability of the compressor and that of the refrigerating 
and air-conditioning circuit can be improved. 

Since only the suction pipe 84, the discharge pipe 
87 and the oil return pipe 88 are connected to the accu- 
mulator container 80, an accumulator having a simple 
appearance can be obtained. 

Nineteenth Embodiment 

A nineteenth embodiment has a structure that the 
structure according to the eighth embodiment is real- 
ized by one container. An accumulator according to this 
embodiment will now be described. 

Fig. 25 (a) is a vertical cross sectional view showing 
the accumulator according to this embodiment. Fig. 25 
(b) is a cross sectional view taken along line X-X shown 
in Fig. 25 (a). Referring to the drawings, reference 
numeral 89 represents an accumulator container and 
90 represents a partition plate for vertically partitioning 
the inside portion of the accumulator container 89. Ref- 
erence numeral 91 represents a first space. 92 repre- 
sents a second space. 93 represents a suction pipe. 94 
represents a gas communication pipe, 95 represents an 
air-duct pipe, 96 represents a communication pipe. 97 
represents a communication pipe, 98 represents a dis- 
charge pipe and 99 represents an oil return pipe. The 
first container 1 according to the eighth embodiment 
corresponds to the first space 91 , while the second con- 
tainer 2 corresponds to the second space 92. 

The height hi from the bottom surface in the first 
space 91 to the oil return pipe 99. the height h2 from the 
bottom surface in the first space 91 to the communica- 
tion pipe 96 and the height h3 from the bottom surface 
in the first space 91 to the lower end of the air-duct pipe 
95 satisfy the relationship h3 < hi < h2. The upper end 
of the air-duct pipe 95 is opened at the same position as 
that of the upper end of the gas communication pipe 94. 
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When the liquid level (the oil level) in the first space 

91 is in a range from h3 to h2, the gas refrigerant is 
introduced from the air-duct pipe 95 to the gas commu- 
nication pipe 94 through the communication pipe 96. At 
this time, the liquid refrigerant has been introduced from 
the lower end of the air-duct pipe 95 by a quantity corre- 
sponding to the liquid level. When the liquid level (the oil 
level) has been made to be not smaller than h2, the liq- 
uid refrigerant is introduced from the air-duct pipe 95 
into the gas communication pipe 94 through the com- 
munication pipe 96. Then, the liquid refrigerant is 
moved to the second space 92 as the internal gas is 
moved, and then accumulated in the bottom portion in 
the second space 92. Thus, the liquid level in the first 
space 91 is lowered. During the operation of the refrig- 
erating and air-conditioning circuit, the introduced gas 
refrigerant from the first space 91 to the second space 

92 through the gas communication pipe 94 results in a 
pressure loss. That is, the pressure in the first space 91 
is higher than the pressure in the second space 92. 
Therefore, the liquid refrigerant moved to the second 
space 92 is not returned to the first space 91 from the 
communication pipe 97. However, the difference in the 
pressure between the inside portion of the first space 91 
and the inside portion of the second space 92 is elimi- 
nated. Thus, the liquid refrigerant accumulated in the 
second space 92 is returned from the communication 
pipe 97 to the first space 91 by dint of gravity. 

As described above, the substantially constant liq- 
uid level (the oil level) of h2 can be maintained in the first 
space 91. Moreover, an excessive portion of the liquid 
refrigerant is accumulated in the first space 91. When 
refrigerating machine oil having poor solubility with the 
liquid refrigerant is employed in the refrigerating and air- 
conditioning circuit as shown in Fig. 2, the flow rate of 
refrigerating machine oil which flows from the oil return 
pipe 99 to the compressor can be made to be constant 
Thus, a required quantity can be maintained without 
reduction in the flow rate of refrigerating machine oil to 
the compressor. Thus, the reliability of the compressor 
and that of the refrigerating and air-conditioning circuit 
can be improved. 

Since only the suction pipe 93, the discharge pipe 
98 and the oil return pipe 99 are connected to the accu- 
mulator container 89, an accumulator having a simple 
appearance can be obtained. 

Twentieth Embodiment 

A twentieth embodiment has a structure that the 
accumulator having the structure according to the ninth 
embodiment is realized by one container. Moreover, the 
second container is disposed in the first container. The 
accumulator according to this embodiment will now be 
described. Fig. 26 (a) is a vertical cross sectional view 
showing the accumulator according to this embodiment 
Fig. 26(b) is a top view. 

Referring to the drawings, reference numeral 100 



represents an accumulator container and 101 repre- 
sents an inner container for separating the inside por- 
tion of the accumulator container 100. Reference 
numeral 102 represents a first space separated by the 
5 inner container 101 . Reference numeral 103 represents 
a second space. 104 represents a suction pipe, 105 
represents a gas communication pipe, 105a represents 
a communication hole, 106 represents an air-duct pipe, 
107 represents a communication pipe, 108 represents 
10 an oil return pip and 109 represents a discharge pipe. 

In this embodiment, the first container 1 according 
to the ninth embodiment corresponds to the first space 
102, the second container 2 corresponds to the second 
space 103 and the communication pipe 33 corresponds 
15 to the communication hole 105a. The same or corre- 
sponding elements to those according to the ninth 
embodiment are given the same names and have the 
same functions. 

The height hi from the bottom surface in the accu- 
se? mulator container 100 to the oil return pipe 108. the 
height h2 from the bottom surface in the accumulator 
container 100 to the communication pipe 107 and the 
height h3 from the bottom surface in the accumulator 
container 100 to the air-duct pipe 106 satisfy the rela- 
ys tionship h3 < hi < h2. The upper end of the air-duct pipe 
106 is opened at substantially the same position as that 
of one of the opened end of the gas communication pipe 
105. 

When the liquid level (the oil level) in the accumula- 

30 tor container 100 is in a range from h3 to h2, the gas 
refrigerant is introduced from the air-duct pipe 108 to 
the gas communication pipe 105 through the communi- 
cation pipe 107. At this time, the liquid refrigerant has 
been introduced from the lower end of the air-duct pipe 

35 1 06 in a quantity corresponding to the liquid level. When 
the liquid level (the oil level) has been raised to a level 
not lower than h2, the liquid refrigerant is introduced 
from the air-duct pipe 106 to the gas communication 
pipe 105 through the communication pipe 107. The liq- 

40 uid refrigerant is moved to the second space 1 03 as the 
internal gas is moved, and then accumulated in the bot- 
tom portion in the second space 1 03. As a result, the liq- 
uid level in the accumulator container 100 is lowered. 
During the operation of the refrigerating and air-condi- 

45 tioning circuit, the gas refrigerant flows from the accu- 
mulator container 100 to the first space 102 through the 
gas communication pipe 105. Thus, a pressure loss 
takes place. That is, the pressure in the accumulator 
container 100 is higher than the pressure in the first 

so space 102. Therefore, the liquid refrigerant moved to 
the second space 103 is not returned from the commu- 
nication pipe to the accumulator container 100. When 
the operation of the refrigerating and air-conditioning 
circuit has been interrupted, the difference in the pres- 

55 sure between the inside portion of the accumulator con- 
tainer 100 and that in the second space 103 is 
eGminated. As a result, the liquid refrigerant accumu- 
lated in the second space 103 is returned from the gas 
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communication pipe 105 to the accumulator container 
100. 

As described above, the substantially constant liq- 
uid level (the oil level) of h2 can be maintained in the 
accumulator container 100. Moreover, an excessive s 
portion of the liquid refrigerant is accumulated in the 
second space 103. Therefore, when refrigerating 
machine oil having poor solubility with the liquid refriger- 
ant is used in the refrigerating and air-conditioning cir- 
cuit, the flow rate of refrigerating machine oil which w 
flows from the oil return pipe 108 to the compressor can 
be made to be constant, as shown in Fig. 2. As a result, 
generation of a defect in the compressor can be pre- 
vented. 

Since only the suction pipe 104, the oil return pipe 15 
108 and the discharge pipe 109 are connected to the 
accumulator container 100. an accumulator having a 
simple appearance can be obtained. 

Fig. 27 shows a modification of the gas communi- 
cation pipe. In this modification, a plurality of communi- 20 
cation holes, for example, two communication holes 
110a and 110b are vertically formed at different posi- 
tions of the gas communication pipe 1 1 0 disposed in the 
second space. 

Since the communication holes 1 1 0a and 1 1 0b are 25 
formed at different positions, the level of the liquid accu- 
mulated in the second space is not changed. When the 
operation of the refrigerating and air-conditioning circuit 
has been interrupted, the liquid can efficiently be 
returned to the first space. If refrigerating machine oil is 30 
introduced and allowed to exist above the liquid accu- 
mulation portion, refrigerating machine oil can smoothly 
be returned to the first space. 



Twenty-First Embodiment 



35 



A twenty-first embodiment has a structure that the 
accumulator according to the twelfth embodiment is 
realized by one container and the first container and the 
second container are partitioned by a partition plate. 40 
The accumulator according to this embodiment will now 
be described. Fig. 28 (a) is a vertical cross sectional 
view showing the accumulator according to this embod- 
iment Fig. 28 (b) is a cross sectional view taken along 
line X-X shown in Fig. 28 (a). 45 

Referring to the drawings, reference numeral 1 1 1 
represents an accumulator container and 112 repre- 
sents a partition plate for vertically partitioning the 
inside portion of the accumulator container 111. Refer- 
ence numeral 1 13 represents a first space, 1 14 repre- so 
sents a second space. 115 represents a suction pipe. 
116 represents a gas communication pipe, 117 repre- 
sents an air-duct pipe, 1 1 8 represents a communication 
pipe. 1 19 represents an oil return pipe, 120 represents 
a discharge pipe and 121 and 122 represent oil recov- ss 
ery pipes. 

In this embodiment, the first container 1 according 
to the twelfth embodiment corresponds to the first space 



113 and the second container 2 corresponds to the sec- 
ond space 1 14. The same or corresponding elements to 
those according to the twelfth embodiment are given the 
same names and have the same functions. 

The height hi from the bottom surface in the first 
space 1 13 to refrigerating machine oil 1 1, the height h2 
from the bottom surface in the first space 113 to the 
communication pipe 1 18 and the height h3 from the bot- 
tom surface in the first space 1 1 3 to the lower end of the 
air-duct pipe 1 17 satisfy the relationship h3 < hi < h2. 
Moreover, the upper end of the air-duct pipe 117 is 
opened at substantially the same position as that of one 
of the opened ends of the gas communication pipe 1 1 6. 

When the liquid level (the oil level) in the first space 
113 is in a range from h3 to h2. the gas refrigerant is 
introduced from the air-duct pipe 1 1 7 to the gas commu- 
nication pipe 116 through the communication pipe 118. 
At this time, the liquid refrigerant has been introduced 
from the lower end of the air-duct pipe 1 1 7 in a quantity 
corresponding to the liquid level. When the liquid level 
(the oil level) has been made to be not lower than h2, 
the liquid refrigerant is introduced from the air-duct pipe 
117 to the gas communication pipe 116 through the 
communication pipe 1 18. The liquid refrigerant is moved 
to the second space 1 14 as the internal gas is moved, 
and then accumulated in the bottom portion in the sec- 
ond space 1 14. As a result, the liquid level in the first 
space 113 is lowered. 

As described above, the substantially constant liq- 
uid level (the oil level) of h2 can be maintained in the first 
space 113. Moreover, an excessive portion of the liquid 
refrigerant is accumulated in the second space 114. 
Therefore, when refrigerating machine oil having poor 
solubility with the liquid refrigerant is used in the refrig- 
erating and air-conditioning circuit as shown in Fig. 2, 
the flow rate of refrigerating machine oil which flows 
from the oil return pipe 1 19 to the compressor can be 
made to be constant. As a result, generation of a defect 
in the compressor can be prevented. 

The oil recovery pipe 121 has a plurality of oil 
recovery holes at different positions in the vertical direc- 
tion thereof. The oil recovery pipe 121 is disposed to be 
immersed in the liquid accumulation portion in the sec- 
ond space 1 14. The highest position of the oil recovery 
hole is made to be a position adjacent to the highest liq- 
uid level in the second space 1 1 4. Even if the liquid level 
of the liquid accumulated in the second space 1 14 is at 
any height, refrigerating machine oil separated above 
the liquid can be recovered into the first space 1 13. To 
achieve this, a plurality of the oil recovery holes are 
formed vertically. The oil recovery pipe 122 for estab- 
lishing the communication between the lower end por- 
tion of the oil recovery ppe 121 and the suction pipe 
1 15 has an end which projects over the inner surface of 
the suction pipe 1 15 by. for example, about several mil- 
limeters. 

The operations of the oil recovery pipes 121 and 
122 will now be described. Even if refrigerating machine 
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oil accumulated in the second space 1 14 is positioned 
at any position, refrigerating machine oil is introduced 
into the oil recovery pipe 121 from the oil recovery hole 
corresponding to the oil level. Thus, the liquid refrigerant 
is introduced into the oil recovery pipe 121 through the 
oil -recovery hole facing the liquid refrigerant. As a result 
of the ejector effect obtained by the internal flow in the 
suction pipe 1 15 and exerted on the leading end of the 
oil recovery pipe 122, the pressure at the leading end is 
made to be a negative pressure as compared with the 
surrounding static pressure. As a result refrigerating 
machine oil and the liquid refrigerant introduced into the 
oil recovery pipe 122 are sucked into the suction pipe 
115, and then recovered into the first space 113. As 
described above, refrigerating machine oil introduced 
into the second space 114 can be recovered into the 
first space 1 1 3 even during the operation of the refriger- 
ating and air-conditioning circuit 

During the interruption of the operation of the refrig- 
erating and air-conditioning circuit, liquid in the second 
space 1 14 is moved to the first space 1 13 through the 
oil recovery pipes 121 and 122 because of gravity. 

As a result of the above-mentioned operation, this 
embodiment is able to recover refrigerating machine oil 
introduced into the second space 114 into the first 
space 113 even if the operation for selectively moving 
the liquid refrigerant to the second space 1 14 is unsat- 
isfactory and thus refrigerating machine oil is mixed with 
the liquid refrigerant and thus refrigerating machine oil 
is mixed and introduced into the second space 114. 
Moreover, recovered refrigerating machine oil is recov- 
ered into the compressor through the oil return pipe 
1 19. Therefore, a reliable refrigerating and air-condition- 
ing circuit can be obtained without reduction in the flow 
rate of refrigerating machine oil to the compressor. 

Since only the suction pipe 115. the oil return pipe 
119 and the discharge pipe 120 are connected to the 
accumulator container 111, an accumulator having a 
simple appearance can be obtained. 

Twenty-Second Embodiment 

A twenty-second embodiment has a structure that 
the means for maintaining the liquid level in the first 
space comprises the cylinder and the refrigerant-suck- 
ing pipe according to the sixth embodiment Moreover, 
the first and second spaces are realized by one con- 
tainer, and the moving means for moving liquid accumu- 
lated in the second space to the first space according to 
the twenty-first embodiment is employed. An accumula- 
tor according to this embodiment will now be described. 
Fig. 29 (a) is a vertical cross sectional view showing the 
accumulator according to the twenty-second embodi- 
ment, and Fig. 29 (b) is a cross sectional view taken 
along line X-X shown in Fig. 29 (a). 

Referring to the drawings, reference numeral 123 
represents an accumulator container and 124 repre- 
sents a partition plate for vertically partitioning the 



inside portion of the accumulator container 123. Refer- 
ence numeral 125 represents a first space, 126 repre- 
sents a second space, 127 represents a suction pipe, 
128 represents a gas communication pipe, 129 repre- 
5 sents an oil return pipe, 130 represents a discharge 
pipe, 131 and 132 represent oil-recovery pipes, 133 
represents a refrigerant suction pipe and 134 repre- 
sents a cylinder. 

The height hi from the bottom surface in the first 
10 space 125, the height h2 from the bottom surface in the 
first space 125 to the refrigerant suction pipe 133 and 
the height h3 from the bottom surface in the first space 
1 25 to the lower end of the cylinder 1 34 satisfy the rela- 
tionship h3 < hi < h2. The upper end of the refrigerant 

is suction pipe 133 penetrates the partition plate 124 and 
allowed to communicate with the second space 126. 

When the liquid level (the oil level) in the refrigerant 
suction pipe 133 is in a range from h3 to h2, the gas 
refrigerant is introduced into the second space 126 

20 through the refrigerant suction pipe 1 33. At this time, the 
liquid refrigerant has been introduced from the lower 
end of the cylinder 134 in a quantity corresponding to 
the liquid level. When the liquid level (the oil level) has 
been made to be not lower than h2, the liquid refrigerant 

25 is introduced into the second space 126 through the 
refrigerant suction pipe 133. Thus, the liquid level in the 
first space 125 is lowered. During the operation of the 
refrigerating and air-conditioning circuit the gas refrig- 
erant flows from the first space 1 25 to the second space 

30 126 through the gas communication pipe 128. There- 
fore, a pressure loss takes place. That is, the pressure 
in the first space 125 is higher than the pressure in the 
second space 126. Therefore, the liquid refrigerant 
moved to the second space 1 26 is not returned from the 

35 refrigerant suction pipe 1 33 to the first space 1 25. When 
the operation of the refrigerating and air-conditioning 
circuit is interrupted, the difference in the pressure 
between the inside portion of the first space 125 and 
that in the second space 126 is eliminated. Thus, the liq- 

40 uid refrigerant accumulated in the second space 126 is 
recovered from the refrigerant suction pipe 133 to the 
first space 125 by dint of gravity. 

As described above, the substantially constant liq- 
uid level (the oil level) of h2 is maintained in the first 

45 space 125. Therefore, refrigerating machine oil can be 
caused to exist adjacent to the height of the oil return 
pipe 129 so that refrigerating machine oil is selectively 
returned to the compressor. Moreover, the liquid refrig- 
erant can be accumulated in the second space 126. 

so When refrigerating machine oil having poor solubility 
with the liquid refrigerant is used in the refrigerating and 
air-conditioning circuit the flow rate of refrigerating 
machine oil which flows from the oil return pipe 129 to 
the compressor can be made to be constant. As a 

55 result, generation of a defect in the compressor can be 
prevented. 

The moving means is structured in such a manner 
that a plurality of oil-recovery holes are formed in the 
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vertical direction of the refrigerant suction pipe 133. 
Moreover, the refrigerant suction pipe 133 is arranged 
to be immersed in the liquid accumulation portion in the 
second space 126. The highest position of the oil-recov- 
ery holes is made to be adjacent to the highest liquid 5 
level in the second space 126. If the liquid level in the 
second space 126 exists at any position, reliability sep- 
arated above the foregoing liquid can be recovered into 
the first space 125 by vertically providing the plural oil- 
recovery holes. The oil recovery pipe 132 for establish- 10 
ing the communication between the lower end of the oil 
recovery pipe 131 and the suction pipe 127 has an end 
which is allowed to project toward the inside portion of 
the suction pipe 127 by, for example, several millime- 
ters. 

15 

Similarly to the twenty-first embodiment, the oil- 
recovery pipes 131 and 132 cause refrigerating 
machine oil to be introduced into the oil recovery pipe 
131 through the oil-recovery holes corresponding to the 
oil level even if refrigerating machine oil accumulated in 20 
the second space 126 is positioned at any position. 
Thus, the liquid refrigerant is introduced into the oil 
recovery pipe 131 through the oil-recovery holes facing 
the liquid refrigerant. As a result of the ejector effect 
obtained attributable to the internal flow in the suction 25 
pipe 127, the pressure at the leading end of the oil 
recovery pipe 132 is made to be a negative pressure as 
compared with the surrounding static pressure. Thus, 
refrigerating machine oil and the liquid refrigerant intro- 
duced into the oil recovery pipe 1 32 are sucked into the 30 
suction pipe 1 27, and then recovered into the first space 
125. As described above, refrigerating machine oil intro- 
duced into the second space 126 can be recovered into 
the first space 125 even during the operation of the 
refrigerating and air-conditioning circuit 35 

As a result, refrigerating machine oil and the liquid 
refrigerant accumulated in the second space can effi- 
ciently be recovered to the first space regardless of the 
liquid level and even during the operation and interrup- 
tion of the operation of the refrigerating and air-condi- 40 
tioning circuit. Moreover, refrigerating machine oil can 
be recovered to the compressor through the oil return 
pip 129. 

Since only the suction pipe 127, the oil return pipe 
129 and the discharge pipe 130 are connected to the 45 
accumulator container 123, an accumulator having a 
simple appearance can be obtained. 



Twenty-Third Embodiment 



so 



A twenty-third embodiment has a structure that the 
first container 1 according to the second embodiment 
and the second container 2 according to the twelfth 
embodiment are realized by one container. An accumu- 
lator according to this embodiment will now be 55 
described. Fig. 30 is a cross sectional view showing the 
twenty-third embodiment. Referring to the drawing, ref- 
erence numeral 135 represents an accumulator con- 



tainer and 136 represents a partition plate for vertically 
partitioning the inside portion of the accumulator con- 
tainer 135. Reference numeral 137 represents a first 
space, 138 represents a second space, 139 represents 
a suction pipe. 140 represents a gas communication 
pipe, 141 represents an air-duct pipe, 142 represents a 
communication pipe. 143 represents an oil return hole 
corresponding to the oil return pipe and 144 represents 
a discharge pipe. 

The twenty-third embodiment has the structure that 
the means for maintaining the liquid level in the first 
space comprises the air-duct pipe and the communica- 
tion pipe according to the first embodiment. Moreover, 
the first and second spaces are realized by one con- 
tainer. In addition, the moving means for moving liquid 
accumulated in the second space to the first space 
comprises the oil recovery pipe according to the twelfth 
embodiment An accumulator according to this embodi- 
ment will now be described. Fig. 30 (a) is a vertical 
cross sectional view showing the accumulator accord- 
ing to the twenty-third embodiment. Fig. 30 (b) is a cross 
sectional view taken along line X-X. 

Referring to the drawings, reference numeral 135 
represents an accumulator container and 136 repre- 
sents a partition plate for vertically partitioning the 
inside portion of the accumulator container 135. Refer- 
ence numeral 137 represents a first space. 138 repre- 
sents a second space, 139 represents a suction pipe. 
140 represents a gas communication pipe, 141 repre- 
sents an air-duct pipe, 142 represents a communication 
pipe, 143 represents an oil return hole corresponding to 
the oil return pipe, 144 represents a discharge pipe and 
145 and 146 represent oil recovery pipes. In this 
embodiment, the oil return hole 1 43 is formed in the sur- 
face of the discharge pipe 144 so that the discharge 
pipe 144 returns the refrigerant gas and refrigerating 
machine oil to the refrigerating and air-conditioning cir- 
cuit 

The height hi from the bottom surface in the first 
space 137 to the oil return hole 143, the height h2 from 
the bottom surface in the first space 1 37 to the commu- 
nication pipe 1 42 and the height h3 from the bottom sur- 
face in the first space 137 to the lower end of the air- 
duct pipe 141 satisfy the relationship h3 < hi < h2. 
Moreover, the lower end of the gas communication pipe 
140 penetrates the partition plate 124 to be allowed to 
communicate with the second space 138. 

When the liquid level (the oil level) in the first space 
137 is in a range from h3 to h2, the gas refrigerant is 
introduced from the air-duct pipe 1 41 to the communica- 
tion pipe 142. Then, the gas refrigerant flows from the 
gas communication pipe 140 to the second space 138. 
At this time, the liquid refrigerant has been introduced 
from the lower end of the air-duct pipe 141 in a quantity 
corresponding to the liquid level. When the liquid level 
(the oil level) has been raised to be not lower than h2. 
the liquid refrigerant is allowed to pass through the com- 
munication pipe 142. Then, the liquid refrigerant is intro- 
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duced into the second space 138 from the gas 
communication pipe 140. and then accumulated in the 
second space 138. As a result, the liquid level in the first 
space 137 is lowered. 

As described above, the substantially constant liq- s 
uid level (the oil level) of h2 can be maintained in the first 
space 137. Therefore, refrigerating machine oil can be 
caused to exist adjacent to the height of the oil return 
hole 143 to selectively return refrigerating machine oil to 
the compressor. Moreover, the liquid refrigerant can be 10 
accumulated in the second space 138. When refrigerat- 
ing machine oil having poor solubility with the liquid 
refrigerant is used in the refrigerating and air-condition- 
ing circuit, the flow rate of refrigerating machine oil 
which flows from the oil return hole 143 to the compres- 15 
sor can be made to be constant As a result generation 
of a defect of the compressor can be prevented. 

The moving means is structured in such a manner 
that the oil recovery pipe 145 has a plurality of oil-recov- 
ery holes formed at different positions in the vertical 20 
direction. Moreover, the oil recovery pipe 145 is dis- 
posed in such a manner that the oil recovery pipe 1 45 is 
immersed in the liquid accumulation portion in the sec- 
ond space 138 The highest position of the oil-recovery 
holes is made to be adjacent to the highest liquid level 25 
in the second space 1 38. Even if the level of liquid accu- 
mulated in the second space 138 is positioned at any 
position, refrigerating machine oil separated above the 
liquid can be returned to the first space 137. To achieve 
this, a plurality of the oil-recovery holes are formed in 30 
the vertical direction. The oil recovery pipe 146 for 
establishing the communication between the lower end 
of the oil recovery pipe 145 and the suction pipe 139 
has an end which projects toward the inside portion of 
the suction pipe 139 by about several millimeters. 35 

The operations of the oil recovery pipes 145 and 
146 are the same as those according to the twenty-first 
embodiment. If refrigerating machine oil accumulated in 
the second space 138 is positioned at any position, 
refrigerating machine oil is introduced into the oil recov- ao 
ery pipe 1 45 through the oil-recovery holes correspond- 
ing to the oil level. Moreover, the liquid refrigerant is 
introduced into the oil recovery pipe 145 through the oil- 
recovery holes facing the liquid refrigerant The ejector 
effect exerted on the leading end of the oil recovery pipe 45 
146 obtainable from the internal flow in the suction pipe 
139 results in the pressure at the leading end being 
made to be a negative pressure as compared with the 
surrounding static pressure. As a result, refrigerating 
machine oil and the liquid refrigerant introduced into the so 

il recovery pipe 146 are sucked into the suction pipe 
139, and then recovered into the first space 137. As 
described above, refrigerating machine oil introduced 
into the second space 138 can be recovered into the 
first space 137 even during the refrigerating and air- ss 
conditioning circuit. 

As described above, refrigerating machine oa accu- 
mulated in the second space can efficiently be recov- 



ered to the first space regardless of the liquid level even 
during the operation or the interruption of the refrigerat- 
ing and air-conditioning circuit. Moreover, refrigerating 
machine oil can be recovered to the compressor 
through the oil return hole 143 and the discharge pipe 
144. 

Since only the suction pipe 139 and the discharge 
pipe 144 are connected to the accumulator container 
135, an accumulator having a simple appearance can 
be obtained. 

As described above, the sixteenth to twenty-third 
embodiments have the structure that one container 
forms the accumulator. However, another modification 
may be employed as the method for realizing the struc- 
ture by one container in such a manner that the first to 
fifteenth embodiments are combined with each other. In 
the present invention, the method is not limited to any 
one of the above-mentioned embodiments. Another 
structure may be employed to realize the first and sec- 
ond spaces by one container so as to obtain an accu- 
mulator having a simple structure and permitting easy 
operation. 

[EFFECT OF THE INVENTION] 

As described above, the structure according to the 
first aspect of the present invention has the first space 
into which liquid and a gas"which are fluids arranged to 
circulate in the refrigerating and air-conditioning circuit 
are introduced by the introducing means; the second 
space for introducing the gas from the first space by the 
gas passage means, discharging the gas to the refriger- 
ating and air-conditioning circuit by the discharging 
means and having the structure capable of accumulat- 
ing the liquid; the liquid-level maintaining means for pre- 
venting the level of the accumulated liquid introduced 
into the first space from becoming a level not lower than 
a predetermined height; the liquid passage means for 
moving the liquid from the first space to the second 
space when the liquid level has been raised to a level 
not lower than the predetermined height; and the return- 
ing means opened in the first space at the position lower 
than the predetermined height and arranged to dis- 
charge the liquid accumulated in the first space to the 
refrigerating and air-conditioning circuit. Thus, an accu- 
mulator can be obtained which is able to maintain the 
substantially constant liquid level in the first space, 
restraining the quantity of introduction of the liquid 
refrigerant to the compressor, obtaining a required 
quantity of refrigerating machine oil in the compressor 
and improving the reliability. 

The structure according to the second aspect of the 
present invention is arranged in such a manner that the 
liquid passage means and the gas passage means 
according to the first aspect are formed into the gas 
passage pipe having ends opened in the gas portion of 
the first space and the other ends opened in the second 
space and disposed in the vertical direction across the 
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gas portion and the liquid accumulation portion in the 
first space, and the liquid-level maintaining means has 
the communication portion allowed to communicate 
with the gas passage pipe disposed in the vertical direc- 
tion in the first space at the predetermined height, the 5 
first passage for establishing the communication 
between the communication portion and the upper por- 
tion in the first space and the second passage for estab- 
lishing the communication between the communication 
portion and the space in the first space at the position 10 
lower than the predetermined height. As a result, an 
accumulator can be obtained which is capable of main- 
taining the substantially constant liquid level in the first 
space to restrain the quantity of introduction the liquid 
refrigerant into the compressor, obtaining a required 15 
quantity of refrigerating machine oil in the compressor 
and improving the reliability. 

The structure according to the third aspect of the 
present invention has the arrangement according to the 
first or second aspect and formed to further comprise 20 
the moving means for moving the liquid accumulated in 
the second space to the first space. Thus, an accumula- 
tor can be obtained which is able to return refrigerating 
machine oil accumulated in the second space from the 
first space to the compressor to obtain refrigerating 25 
machine oil required for the compressor. 

The structure according to the fourth aspect of the 
present invention has the arrangement according to the 
third aspect and formed in such a manner that the sec- 
ond space is formed above thefirst space, and the mov- 30 
ing means is the communication means for establishing 
the communication between the liquid accumulation 
portion in the second space and the first space. As a 
result an accumulator can be obtained which is capable 
of returning refrigerating machine oil accumulated in the 35 
second space from the first space to the compressor to 
obtain refrigerating machine oil required for the com- 
pressor. 

The structure according to the fifth aspect of the 
present invention has the arrangement according to the 40 
third aspect and formed in such a manner that the mov- 
ing means establishes the communication between the 
introducing means and the liquid accumulation portion 
in the second space by dint of one or a plurality of con- 
nection means, and the end of the connection means 45 
adjacent to the introducing means is allowed to project 
over the inner surface of the introducing means toward 
the inside portion so that the liquid accumulated in the 
second space is caused to follow the fluid when the fluid 
is introduced into the first space by the introducing so 
means. Thus, an accumulator can be obtained which is 
capable of returning refrigerating machine oil accumu- 
lated in the second space from the first space to the 
compressor without a necessity of interrupting the oper- 
ation of the refrigerating and air-conditioning circuit to 55 
obtain refrigerating machine oil required for the com- 
pressor. 

The structure according to the sixth aspect of the 



present invention has the arrangement according to the 
third aspect and formed in such a manner that the mov- 
ing means is composed of the liquid-recovery means 
vertically disposed in the liquid accumulation portion in 
the second space and arranged to be capable of recov- 
ering the liquid positioned at different positions in the 
vertical direction and the connection means for estab- 
lishing the communication between the introducing 
means and the liquid-recovery means, and the end of 
the connection means adjacent to the introducing 
means is allowed to project over the inner surface of the 
introducing means toward the inside portion so that the 
liquid accumulated in the second space is caused to fol- 
low the fluid when the fluid is introduced into the first 
space by the introducing means. Thus, an accumulator 
can be obtained which is capable of returning refrigerat- 
ing machine oil accumulated in the second space from 
the first space to the compressor without a necessity of 
interrupting the operation of the refrigerating and air- 
conditioning circuit to obtain refrigerating machine oil 
required for the compressor. 

The structure accorcfing to the seventh aspect of 
the present invention has the arrangement according to 
the third aspect and formed in such a manner that the 
second space is disposed above the first space, and the 
moving means is composed of the third space formed at 
an intermediate position between the second space and 
the first space, the first opening/closing valve disposed 
between the first space and the third space and the sec- 
ond opening/closing valve disposed between the sec- 
ond space and the third space so that the first 
opening/closing valve is closed when the second open- 
ing/closing valve is opened and thefirst opening/closing 
valve is opened when the second opening/closing valve 
is closed in order to move the liquid accumulated in the 
second space to the first space through the third space. 
Therefore, an accumulator can be obtained which is 
capable of returning refrigerating machine oil accumu- 
lated in the second space from the first space to the 
compressor without a necessity of interrupting the oper- 
ation of the refrigerating and air-conditioning circuit to 
obtain refrigerating machine oil required for the com- 
pressor. 

The structure according to the eighth aspect of the 
present invention has the arrangement to any one of the 
first to seventh aspects and formed in such a manner 
that liquid-level stabilizing means for stabilizing the liq- 
uid level in the space is provided for either of the first 
space or the second space. Thus, an accumulator can 
be obtained which is capable of stabilizing the liquid 
level in each of the first space and the second space 
and effectively performing gas-liquid separation. 

Claims 

1. An accumulator for use in a refrigerating and air- 
conditioning circuit, said accumulator comprising: 
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container means for defining first and second 
spaces; 

introducing means for introducing, into said first 
space, liquid and a gas which are fluids 
arranged to circulate in said refrigerating and s 
air-conditioning circuit; 

gas passage means for introducing said gas 
from said first space into said second space; 
discharging means for discharging said gas 
from said second space to said refrigerating io 
and air-conditioning circuit while permitting 
said liquid to be accumulated in said second 
space; 

liquid-level maintaining means for preventing 
said liquid introduced into and accumulated in is 
said first space from becoming a level not lower 
than a predetermined height; 
liquid passage means for moving said liquid 
from said first space to said second space 
when said liquid in said first space becomes a 20 
level not lower than said predetermined height; 
and 

returning means, opened in said first space at 
a position lower than said predetermined 
height for discharging said liquid accumulated 25 
in said first space to said refrigerating and air- 
conditioning circuit 

An accumulator according to daim 1 , wherein said 
liquid passage means and said gas passage 30 
means includes a common gas passage pipe hav- 
ing: 

one end opened in a gas portion of said first 
space, 35 
the other end opened in said second space, 
and 

a portion disposed in a vertical direction across 
said gas portion and a liquid accumulation por- 
tion in said first space, and 40 
wherein said liquid-level maintaining means 
includes: 

a communication portion communicating 

with said portion of said gas passage pipe 45 

at said predetermined height; 

a first passage for communication between 

said communication portion and an upper 

portion in said first space; and 

a second passage for communication so 

between said communication portion and 

a space in said first space at a position 

lower than said predetermined height. 

An accumulator according to claim 1 or 2. further ss 
comprising: 

moving means for moving said liquid accumu- 



lated in said second space to said first space. 

4. An accumulator according to claim 3, wherein: 

said second space is disposed above said first 
space, and 

said moving means includes communication 
means for communication between said liquid 
accumulation portion in said second space and 
said first space. 

5. An accumulator according to claim 3. wherein: 

said moving means includes at least one con- 
nection means for communication between 
said introducing means and said liquid accu- 
mulation portion in said second space; and 
an end of said connection means adjacent to 
said introducing means projects inwardly over 
the inner surface of said introducing means so 
that said liquid accumulated in said second 
space is caused to follow said fluid when said 
fluid is introduced into said first space by said 
introducing means. 

6. An accumulator according to claim 3, wherein: 

said moving means includes: 

liquid-recovery means vertically disposed 
in said liquid accumulation portion in said 
second space and arranged to be capable 
of recovering said liquid at vertically differ- 
ent positions, and 

connection means for communication 
between said introducing means and said 
liquid-recovery means; and 

an end of said connection means adjacent to 
said introducing means projects inwardly over 
the inner surface of said introducing means so 
that said liquid accumulated in said second 
space is caused to follow said f luicLwhen said 
fluid is introduced into said first space by said 
introducing means. 

7. An accumulator according to claim 3, wherein: 

said second space is disposed above said first 
space; and 

said moving means includes: 

a third space formed at an intermediate 
position between said second space and 
said first space; 

a first opening/closing valve disposed 
between said first space and said third 
space; and 
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a second opening/closing valve disposed 
between said second space and said third 
space; and 

said first opening/closing valve is closed when 5 
said second opening/closing valve is opened 
and said first opening/closing valve is opened 
when said second opening/closing valve is 
closed in order to move said liquid accumulated 
in said second space to said first space through w 
said third space. 

8. An accumulator according to any one of claims 1 to 
7, further comprising: 

15 

liquid-level stabilizing means for stabilizing the 
liquid level in said space, said liguid-level stabi- 
lizing means being provided in at least one of 
said first space and said second space. 

20 

9. An accumulator according to claim 1, wherein said 
container means includes a first container defining 
said first space therein, a second container defining 
said second space therein, and said first and sec- 
ond containers are separately disposed from each 25 
other. 

10. An accumulator according to claim 1, wherein said 
container means includes a single container defin- 
ing said first and second spaces therein with a par- 30 
trtion. 
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FIG. 1(a) 




FLOWING DIRECTION OF GAS REFRIGERANT 
^ FLOWING DIRECTION OF LIQUID REFRIGERANT 
^ FLOWING DIRECTION OF OIL 



FIG. 1(b) 
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FIG.2(a) 




FIG.2(b) 




FIG.2(c) 
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FIG.4(a) 




FLOWING DIRECTION OF GAS REFRIGERANT 

JL FLOWING DIRECTION OF LIQUID REFRIGERANT 
v (OIL DISSOLVED) 



FIG.4(b) 
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FIG.7(a) 
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FIG. 10(b) 
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FIG. 12(a) 
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FIG. 13 
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FIG.14 
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FIG.19 
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FIG.23(a) 




52 



EP 0 887 603 A2 




S3 



EP 0 887 603 A2 





54 



EP 0 887 603 A2 

FIG.26(a) 



ft 




55 



EP 0 887 603 A2 



FIG.27 



T 

101 



110b 



-110a 



110 



56 



EP 0 887 603 A2 



FIG.28(a) 
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FIG.29(b) 
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FIG.31 
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(54) Accumulator 

(57) An accumulator which is capable of preventing 
an excessive enlargement of the flow rate of a liquid 
refrigerant which is discharged from the accumulator, 
reducing the quantity of refrigerating machine oil which 
is accumulated in the accumulator and maintaining a 
required quantity of refrigerating machine oil in a com- 
pressor. Liquid and a gas which circulate in a refrigerat- 
ing and air-conditioning circuit are introduced into a first 
space 1 by a suction pipe 3, and the gas refrigerant is 
discharged to a refrigerating and air-conditioning circuit 
through a gas passage pipe 4, a second space 2 and a 
discharge pipe 5. Moreover, liquid-level maintaining 
means 7 and 8 prevent rise in the height of the accumu- 
lated liquid introduced into the first space 1. When the 
height has been made to be not lower than a predeter- 
mined height, the gas communication means 4 moves 
liquid in the first space from the first space 1 to the sec- 
ond space 2. In addition, a returning means 6 dis- 
charges refrigerating machine oil accumulated in the 
first space 1 to the refrigerating and air-conditioning cir- 
cuit. 
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